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Summary

The River Protection Project-Waste Treatment Plant baseline for pretreating Envelope C low-activity
waste (LAW) at Hanford includes a precipitation step for removing radioactive strontium (Sr-90) and
transuranic (TRU) isotopes before the waste is vitrified. The current design basis for the St/TRU removal
process is the addition of strontium nitrate (0.075M) for isotopic dilution and permanganate (0.05M) for
TRU removal at 1M additional sodium hydroxide. Section 5 of the Research and Technology Plan (BNI
2002) identifies further research needs, which are illustrated in Figure 5-14, Precipitation Test Matrix.

One need shown in this matrix is optimization of the Sr/TRU precipitation reaction conditions [SOW
Ref.: Sec. C.6 Std.2 (a)(3)(ii)(B) and WBS No.: 1.2.10.03 and .05]. The optimization of the St/TRU
precipitation process and the impact of recycle streams are addressed in Scoping Statement B-39, which is
included in Appendix C of the Research and Technology Plan. In accordance with Scoping
Statement B-39, Test Specification TSP-W375-01-00003, and Test Plan CHG-TP-41500-019, studies
were conducted to determine if low levels of reagent provide adequate decontamination conditions for
integrated process testing with a mixture of Tank AN-102 waste and high-level waste (HLW) sludge
pretreatment streams (supernatant, wash, caustic leach, and rinse solutions from HLW pretreatment of
Tank C-104 wastes). The mixture is referred to as “AN-102/C-104 waste blend.” Studies with the
AN-102/C-104 waste blend include demonstrating that reduced levels of strontium and permanganate
addition provide decontamination of the liquid waste (supernatant) to meet LAW requirements for
vitrification.

The success criteria for this study include demonstrating that the treated liquid waste meets

Specification 2 of the Bechtel National, Inc., contract for removing Sr-90 and TRU elements from the
LAW solution; i.e., 20 Ci/m’ for Sr-90 and 100 nCi/g for TRU (DOE 2000). Blending the AN-102 waste
with the sludge pretreatment solutions resulted in over 60% dilution in the Sr-90 and Am-241 activity
relative to the sodium concentration. As a result of the waste blending, decontamination factors (DFs) of
approximately 5 for Sr-90 (80% removal) and 1.6 for TRU (38% removal) are required to meet a target of
50% below the LAW contract requirements (20 Ci/m’ and 100 nCi/g, respectively). Since over 90% of
the TRU in the AN-102/C-104 waste blend is Am-241, a target DF of 1.6 was established for Am-241.

The objective of the work reported here was to treat a 1-L batch of AN-102/C-104 waste blend and
conduct filtration tests to demonstrate that the blending does not affect decontamination and solids
removal by crossflow filtration. The 1-L batch of AN-102/C-104 was treated at the optimized process
conditions (Hallen et al. 2002a). The treatment conditions provided adequate St/TRU decontamination of
the AN-102/C-104 waste blend to meet the LAW contract requirements. Multiple samples were analyzed
during the treatment and digest of the precipitate. The ratio of Sr-90 to total strontium remained constant
during the process testing, and the ratio in the liquid and solids was equivalent. The results showed that
strontium exchange/isotopic dilution was nearly complete after 18 minutes of mixing. The Sr-90 DFs
showed some variation with time and temperature, as did the total soluble strontium. The decreased
strontium solubility with increased temperature has been discussed earlier (Hallen et al. 2002a), but the
work described here reflects the first time a detailed study was undertaken and the significant time effect
for strontium solubility shown. These results suggest that the Sr/TRU precipitate should be digested for
more than 4 hours before filtration; digestion for as long as 24-hour should be considered.

Very little TRU removal occurred without addition of permanganate. The TRU removal showed very
little effect of time or temperature once the permanganate was added. Similar to Sr-90 removal, the TRU
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removal by permanganate addition was complete 18 minutes after the start of reagent addition. The TRU
removal results were similar to earlier small-scale tests (Hallen et al. 2002b) and exceeded the
requirements for immobilized low-activity waste (ILAW). The permanganate addition also increased the
Sr-90 decontamination by approximately 10%. In addition to TRU removal, permanganate treatment also
removed Eu-154, a gamma emitter, which will help reduce the dose in the LAW vitrification facility.

Crossflow filtration tests were conducted with approximately 900 mL of 1.4 wt% solids from Sr/TRU
precipitation of the AN-102/C-104 waste blend. A matrix of thirteen 1-hour filtration conditions was
tested to evaluate the filterability of the precipitated slurry using a 2-ft-long, single-element, 0.1-pum
sintered metal Mott filter in a filtration system installed in a hot cell. The filterability of the slurry was
evaluated by varying the transmembrane pressure (20 to 60 psid) and axial velocity (7 to 15 ft/s) in the
test matrix, with the permeate being recirculated. The test conditions produced permeate flux that ranged
from 0.027 to 0.053 gpm/ft>. The flux declined linearly with time over the test period. The flux was
dependent, to a lesser degree, on axial velocity and transmembrane pressure.

Blending the C-104 HLW sludge pretreatment streams with AN-102 waste had no significant impact on
decontamination of Sr-90, decontamination of TRU, or on removal of the combined entrained solids and
St/TRU precipitate by crossflow filtration. The permeate showed no signs of post-filtration precipitation,
indicative of the low concentration of manganese and iron in the final permeate.

Testing began in May 2001, and analytical continued through March 2002. Battelle—Pacific Northwest
Division (PNWD) implemented the RPP-WTP quality requirements by performing work in accordance
with the quality assurance project plan (QAPjP) approved by the RPP-WTP Quality Assurance (QA)
organization. PNWD addressed verification activities by conducting an Independent Technical Review of
the final data report in accordance with procedure QA-RPP-WTP-604. This review verified that the
reported results were traceable, that inferences and conclusions were soundly based, and the reported
work satisfied the Test Plan objectives.
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1.0 Introduction

This report summarizes work performed by Battelle—Pacific Northwest Division (PNWD) in support of
the River Protection Project-Waste Treatment Plant (RPP-WTP) at Hanford. Before the liquid
(supernatant) fraction of Envelope C® wastes (e.g., Tank AN-107 and Tank AN-102 waste) can be
disposed of as low-activity waste (LAW), pretreatment is required to remove radioactive strontium
(Sr-90) and transuranic (TRU) elements in addition to Cs-137, Tc-99, and the entrained solids. The Sr-90
removal process consists of isotopic dilution and precipitation of SrCO; by nonradioactive Sr(NOs),
addition, and the TRU removal process involves complexant oxidation and subsequent TRU precipitation
by permanganate addition. This decontamination method is based on work conducted at Pacific
Northwest National Laboratory (PNNL) by Orth et al. (1995). Entrained solids and St/TRU precipitate
are to be removed via crossflow filtration; Cs-137 and Tc-99 are to be removed by ion exchange. In
previous work for the RPP-WTP contractor, PNWD and the Savannah River Technology Center (SRTC)
demonstrated a combined entrained solids and St/TRU removal process with actual waste samples from
Envelope C (Hallen et al. 2000a,b; 2002a,b; Nash et al. 2000a,b).

The WTP proposed process flowsheet for Envelope C waste includes the potential for mixing the
incoming tank waste with recycle streams and high-level waste (HLW) sludge pretreatment streams
(supernatant, wash, caustic leach, and rinse solutions). These streams would be blended and processed
through the Sr/TRU removal process. Optimized treatment conditions were identified in tests with
AN-102 waste samples (Hallen et al. 2002a), and were used for small-scale (20 mL) process verification
testing on a specified mixture of AN-102 waste samples and C-104 sludge pretreatment solutions,
referred to as the “AN-102/C-104 waste blend” (Hallen et al. 2002b). These tests verified that optimized
process conditions, which minimized reagent addition and reduced the process temperature to ambient
temperature (25 + 5°C), provided adequate Sr-90 and TRU removal to meet immobilized low-activity
waste (ILAW) requirements.

The objective of the work reported here was to treat a larger, 1-L, batch of AN-102/C-104 waste blend
and conduct filtration tests to demonstrate that the blending does not affect decontamination and solids
removal by crossflow filtration. Treatment and digest were conducted at ambient hot cell temperature
(approximately 31°C) with Sr(NOs), addition at 0.02M followed by permanganate addition at 0.02M.
The precipitate was digested for 4 hours, and samples removed at various times. Supernatant
decontamination data were obtained from the test data. The Sr-90 and TRU decontamination factors
(DFs)® were compared to determine the efficiency of the Sr/TRU removal process.

The treated waste was transferred to a cells unit filter (CUF), and a matrix of filtration tests was
completed to determine the permeate flux as a function of process conditions. The filtration results were
statistically analyzed to determine the significance of the various process conditions. A filtration model
was used to evaluate the components of filtration resistance.

(a) Envelope designations are explained in DOE (2000).
(b) The decontamination factor is defined as the amount of the contaminant in the waste before treatment divided
by the amount present after treatment.
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The results from St/TRU removal treatment and filtration tests are presented in this report. Test
conditions and experimental procedures are described in Section 2.0. Experimental results from the tests
are discussed in Section 3.0. The major conclusions and recommendations are given in Section 4.0. The
appendices contain the test instruction, data sheets, logbook entries, and analytical data.
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2.0 Test Conditions and Experimental Procedures

This section describes the conditions used for the St/TRU removal and filtration testing, as well as the
procedures used for the experiments and analyses.

2.1 Description of AN-102/C-104 Waste Blend

PNWD received 27 bottles of tank waste from Hanford’s 222-S Laboratory. The waste material was
taken by grab sampling of Tank AN-102 from riser 022 during the period August 7 through 11, 2000, and
shipped to the 222-S Laboratory in Hanford’s 200 West Area. The sample material was transferred to
500-mL bottles before being shipped to the Radiological Processing Laboratory (RPL) in the 300 Area,
where the bottles were inspected upon receipt (Hallen et al. 2002a, Appendix A). All of the samples
contained a settled layer of light brown solids with a dark brownish/black standing liquid. Eight of the
samples were designated for process testing. The eight as-received AN-102 samples were homogenized
to form a slurry and characterized (Urie et al. 2002a). Supernatant and solids from jars of homogenized
AN-102 waste were mixed to make a waste material consisting of 2 wt% undissolved solids.

Supernatant, wash, caustic leach, and rinse solutions from Tank C-104 processing (Brooks et al. 2000b)
were blended with the homogenized AN-102 waste to produce the AN-102/C-104 waste blend. The
AN-102 and C-104 materials were blended by Urie et al. (2002b) in accordance with test specification
TSP-W375-00-00007 (Johnson 2000). No visible gel formation or net solids increase occurred during the
blending process.

A sample of the AN-102/C-104 waste blend was characterized, and the sodium concentration was
determined to be 3.2M (Urie et al. 2002b). The target concentration for feed to the Sr/TRU removal
process was given as 5.5 £ 0.5M sodium in the test specification, TSP-W375-01-00003 (Reynolds 2001).
The waste was evaporated at 50°C until the sodium concentration was estimated to be 5.5M. Samples of
the evaporated waste were taken and analyzed before the tests began (Lumetta et al. 2002). The sodium
concentration was within the test specifications, 5.5 £ 0.5M after evaporation. The evaporated waste
blend was used as feed for St/TRU removal and “active” (i.e., with actual waste blend) filtration tests.

Additional filtration tests (“inactive”) were conducted with a supernatant simulant that had been treated
under similar conditions as the actual waste blend. The treated simulant was used to examine differences
in filter types and conditions that could not be obtained in the active filtration tests. The supernatant
composition of the AN-102/C-104 waste blend was approximated by mathematically combining
composition data from the characterization of the initial AN-102 waste (Hay et al. 2000, Urie et al. 2002a)
and the fractions of the various C-104 sludge pretreatments solutions (Brooks et al. 2000b). The sodium
concentration was adjusted mathematically to 5.5M, and the resulting composition was used by Geeting
et al. (2002) to prepare a supernatant for the inactive tests. The simulated supernatant was treated with
0.02M Sr(NO3),, 0.02M NaMnOy,, and digested for 4 hours at 25 £+ 5°C, analogous to the actual waste
blend.

2.2 Development of Test Conditions
The RPP-WTP contract (DOE 2000) requires that the ILAW product contain less than 100 nCi/g TRU

and that the average Sr-90 be less than 20 Ci/m’. Supernatant from Envelope C waste contains levels of
Sr-90 and TRU too high to meet ILAW requirements. At the design basis waste sodium oxide loading of
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15 wt% waste Na,O for Envelope C tanks, waste from AN-102 needs DFs of approximately 10 for Sr-90
(90% removal) and 2 for TRU (50% removal) to meet a target of 50% below the ILAW disposal
requirements. Blending the AN-102 waste with the C-104 sludge pretreatment solutions resulted in
greater than a 60% dilution in the Sr-90 and Am-241 activity relative to the waste sodium concentration.
As a result of waste blending, DFs of approximately 5 for Sr-90 (80% removal) and 1.6 for TRU (38%
removal) are necessary to meet a target of 50% below the ILAW disposal requirements. Total alpha was
measured for all samples and provides a more conservative estimate of the total TRU concentration in the
treated samples than Am-241 analysis alone.

Sr/TRU removal process conditions were defined using the results from the earlier optimization studies
with AN-102 diluted waste (Hallen et al. 2002a) and small-scale (20-mL) verification tests with the
AN-102/C-104 waste blend (Hallen et al. 2002b). Based on these studies, the treatment temperature was
specified as 25 + 5°C, and both strontium and permanganate were added at 0.02M. The target
concentrations were based on the final volume after addition of both reagents. No additional hydroxide
was specified for this test, since the free hydroxide (0.33M) was shown to be adequate for Sr/TRU
removal in previous testing (Hallen et al. 2002a,b). The quantity of each reagent to add to the waste to
achieve these values, as well as the actual quantities that were used, can be found in the test instruction
included in Appendix A of this report.

The precipitation and filtration testing discussed in this report was conducted in the CUF (see Section 2.3)
in the High Level Radiochemistry Facility (HLRF) hot cells (in the RPL). On the day of this test, the
ambient temperature in the HLRF A-hot cell was 31°C, whereas during the small-scale tests in the
Shielded Analytical Laboratory (SAL) hot cell (also in RPL), the ambient temperature had been 26°C.

No provision had been made in the HLRF for chilling the large beaker of waste during the precipitation
and digest process; consequently, the precipitation and digest test was conducted at 31°C, slightly higher
than the test specification temperature of 25 + 5°C. The precipitate digest time was specified as 4 hours.

Normally, a clean water flux is specified before and after any waste testing to determine the filter
resistance and change with processing. However, the clean water flux test is very sensitive to how well
the CUF can be cleaned, and in the hot cell it is difficult to fully clean the CUF after tank samples have
been processed. This was also noted in earlier filtration tests (e.g., Hallen et al. 2000b). To remedy this
situation for all filtration tests, a standard slurry consisting of precipitated SrCO; was developed to use for
evaluating filter resistance. The SrCOs slurry was prepared by precipitation of 0.35M Sr(NOs), with
excess Na,COj in a mixture of sodium nitrate and sodium hydroxide. The filter flux of this slurry is less
sensitive to the cleanliness of the CUF. Tests were conducted with the SrCO; slurry in the “cold CUF”
(i.e., outside the hot cell) after completion of the hot cell tests to evaluate filter performance and establish
reference data for future filtration tests. Table 2.1 shows the targeted filtration conditions that were used
for clean water flux and SrCOs slurry flux testing.

The filtration test conditions (test matrix) were developed jointly by the Contractor, PNWD, and SRTC.
The matrix of filtration conditions for the active and inactive testing with the Sr/TRU treated waste and
simulant samples is shown in Figure 2.1. The matrix includes 13 combinations (denoted as conditions 1
through 13) of transmembrane pressure (TMP) and crossflow (axial) velocity, each run for 1 hour in the
order listed. The filter was backpulsed with permeate between each 1-hour filtration test. The initial
filtration conditions (center point of the matrix) were repeated for 3 consecutive hours before filtration
conditions were varied. The center point was then repeated in the middle and at the end of testing to
assess the effect of filter fouling with time over the course of testing. The permeate flux results from this
testing are given in Section 3.0.
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Table 2.1. Test Conditions for Clean Water and SrCO; Slurry Flux Measurements

Axial
TMP Velocity
Test (psid) (ft/s) Comments
Clean Water Flux with 0.01M NaOH |10, 20, 30® 11 Hold each condition for 20 minutes; backpulse
between conditions
0.35M SrCO; Slurry 10,20,30%| 11  [Hold each condition for 20 minutes; backpulse

between conditions

(a) If the flux was too high at 30 psi, the pressures were decreased.
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Figure 2.1. Test Matrix of Transmembrane Pressure and Crossflow Axial Velocity Conditions for
Filtration of the St/TRU Treated Samples (Conditions 1-13)

2.3 Testing Apparatus and Procedure

The precipitation reaction was conducted in a 4-L stainless steel beaker, and stirring was provided by an
overhead stir motor with impeller. As noted in Section 2.2, the precipitation and digest were conducted at
ambient hot cell temperature (31°C). After the solids digest was complete, the precipitated waste was
transferred to the slurry reservoir of the CUF for filtration testing. A new CUF (MOD?3) was fabricated
just prior to this testing. Modifications and the schematics of the CUF (MOD?3) are discussed in Geeting

et al. (2002).

During filtration testing, the slurry temperature in the CUF was maintained at the specified value,
25 £ 5°C, by flowing cooling water from an external chiller through a heat exchanger on the feed inlet to
the filter. The slurry temperature was measured by a thermocouple installed in the slurry reservoir and
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controlled by a proportional-integral-derivative (PID) temperature controller that was built into the
external chiller. All thermocouples and measuring equipment were calibrated, and the calibration data
recorded in the laboratory record book or test instruction.

2.3.1 Filter Element for Testing

For pretreatment testing, a 2-ft-long, 0.1-pum, sintered metal Mott filter was used (as specified by the
Contractor). The element is a tube-in-shell design, with the 3/8-inch-ID sintered metal tube mounted
inside a 3/4-inch stainless steel pipe with threaded and compression fittings. The inner sintered metal
tube (filter) is welded to the outside shell to prevent leaks from occurring at the threaded fitting while
testing in the hot cell. Once welded, the filters must be leaked checked and tested before being installed
into the hot cell CUF system.

The filters for testing are provided by Mott, which manufactures a full line of sintered metal filters with a
wide range of particle size rating (nominal) and for different service applications (gas or liquid). Mott
manufactures both an “Industrial Grade” and a “High Purity” (also known as 9-log reduction media)
liquid service filter of 0.1-um rating. The densities of the two filters are about the same (i.e., they both
have approximately 30% open pores), with the high purity filter having a larger number of finer pores.
While the earlier filtration tests had used the Mott 0.1-um industrial grade filters, the work discussed here
also reports data for the Mott 0.1-pum high purity filters. PNWD received three high purity liquid service
filters from Mott, one of which had been installed in the hot CUF for the active filtration tests before the
difference became apparent. As a result of conducting the active filtration tests with the high purity filter,
a series of inactive tests were conducted, using the cold CUF, with both types of filters. Of the three high
purity filters that were sent to PNWD, one had a leak and was not used; one was used for the active
testing; and one was used for the inactive testing in comparison with the industrial grade filter.

Sections 2.3.2 and 2.3.3 describe similarities and differences in how these filters were evaluated during
acceptance testing.

Acceptance testing is conducted with new filters in the cold CUF to verify the filter integrity and
condition the new filter so that the initial flux measurements are not artificially high. During acceptance
testing, the clean water flux is also measured and compared with previous values to make sure that the
filter resistance is not unusually low or high, which could indicate a filter defect. The accepted filter is
then available for testing of desired treated sample, in accordance with the conditions outlined in a test
instruction.

2.3.2 Acceptance Testing of High Purity Filter Used for Active Testing (Before
Hot Cell Installation)

The filter used for the AN-102/C-104 active testing had a 2-ft active length, 3/8-inch ID bore, and
1/16-inch wall thickness. The MOD3 CUF system and filter were first cleaned using tri-sodium
phosphate (TSP) solution made from pre-filtered deionized (DI) water. The TSP solution was circulated
through the CUF, including the backpulse chamber and all drain lines. The system was then rinsed three
times with pre-filtered DI water. After the system was cleaned, shakedown testing was performed on the
CUF with a slurry of 5 wt% kaolin clay in DI water. During the shakedown tests, the permeate was
observed to contain wisps of color that appeared to be particulate matter. When the filter housing was
drained, clear evidence was found that the filter had allowed particulates to pass through. Approximately
90 g of permeate were collected from the filter housing drain. This permeate was dried in an oven, and
the total solids content was determined to be 1.0 g or >1 wt%. Apparently, the permeate velocity in the
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tube was generally lower than the settling velocity of the particulate; hence the solids collected in the
filter annulus and the permeate showed only small signs of solids. The filter was rejected for any further
testing. [It should be noted that a filter housing drain (1/4-inch Swagelok drain) was added to the new
design of the CUF(MOD3), which greatly aided in determining that the filter was leaking solids. It is
recommended that a filter housing drain be installed on all filters to be tested.]

Another filter element, ordered at the same time, was prepared by welding the tube in place. The spare
filter was cleaned with TSP, rinsed, and tested with a kaolin slurry, as described earlier. This filter
showed no signs of leakage. After all shakedown testing was completed and prior to setting up the new
CUF in the hot cell, the system was thoroughly cleaned and the clean water flux was measured.

2.3.3 Acceptance Testing of High Purity and Industrial Grade Filters Used in
Inactive Tests

After completion of the AN-102/C-104 active testing, it was proposed that the SrCOj; slurry be used
instead of the clean water flux measurement to determine the filter resistance. The filters used for
inactive tests (a high purity and an industrial grade) were tested with the SrCOs slurry. As a result of this
testing, these two filters were each initially conditioned with the SrCO; slurry before filtration tests were
conducted with the treated (St/TRU removal process) AN-102/C-104 simulant.

2.4 Experimental

Once the evaporation of the AN-102/C-104 waste blend was completed in the HLRF hot cells, the waste
was transferred to three S00-mL sample bottles (Lumetta et al. 2002). The waste from these bottles was
then transferred to a 4-L stainless steel beaker. Some solids remained in the bottom of the bottles, and
small amounts of DI water were used to transfer as much of the solids as possible to the large beaker.
Duplicate 10-mL samples were used to determine the density of the waste after evaporation. The average
density of the waste was 1.25 g/mL. With the waste stirring, an initial sample of the slurry was removed
and filtered with a 0.45-pum disposable syringe filter to determine the starting composition of the waste.
Stock solutions of 1M strontium nitrate and 1M sodium permanganate were prepared and transferred into
the hot cell. These reagents were slowly poured from the bottles directly into the large beaker while the
stirrer was running. Additional samples were taken after strontium reagent addition, after permanganate
addition, and during precipitate digest. A total of six samples were taken during precipitation and are
listed in Table 2.2. The samples were filtered immediately with a 0.45-um disposable syringe filter into

Table 2.2. Sample Matrix for Precipitation of AN-102/C-104 Waste Blend

Time from Start
Process Sample Target | Target of Sr Addition
Step ID # [Sr] [MnQO,] (hr:mm) Comment
Initial LS-01 None None 0:0 Initial waste
Waste
Sr LS-02 0.02M None 0:18 Sample taken 18 minutes after start of Sr
Addition addition, added in 6 minutes
Mn LS-03 0.02M 0.02M 0:42 Sample taken 18 minutes after start of Mn
Addition addition, added in 8 minutes
Digest LS-04 0.02M 0.02M 1:29 Sample taken after 1 hour of digest
Digest LS-05 0.02M | 0.02M 2:29 Sample taken after 2 hours of digest
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|| Digest | LS-06 | 0.02M | 0.02M | 4:34 | Sampled at completion of digest, 4 hours ||
the appropriate labeled vial. All samples were collected and transferred to the SAL for analyses. The
samples for chemical and radiochemical analyses were acidified and diluted to the appropriate levels for
the analytical method. The specific details of the precipitation reaction and observations are given in the
test instruction (Appendix A).

After 4 hours of digestion, the waste was transferred from the 4-L beaker to the reservoir of the CUF
system. During the CUF testing, five samples of permeate were collected for chemical and radiochemical
analyses. These samples (LS-07 through LS-11) are listed in Table 2.3, showing the filtration test
number, sample number, time since the start of strontium addition, and lapsed total filtration time.

The volume of waste was insufficient to allow slurry dewatering to be performed in the CUF. As a result,
after completion of the CUF testing, the waste was drained, and dead-end filtration was used to dewater
the slurry. Two samples of the dead-end permeate (LS-12 and LS-13, Table 2.3) were collected for
analyses. The solids collected on the filter were washed with four equal volumes (~30 mL) of 0.01M
NaOH. A sample of the composite wash permeate (LS-14, Table 2.3) was analyzed. The washed solids
were collected, and duplicate samples dried and digested for chemical and radiochemical analyses
(sample LS-16).

Table 2.3. Sample Matrix for Filtration of AN-102/C-104 Waste Blend

Filtration | Sample | Time from Start | Filtration

Test No.” ID # of Sr Addition Time Comment
1 LS-07 6:16 0:25 First permeate sample from CUF
2 LS-08 7:36 1:45 Sample mid-point of condition 2
3 LS-09 8:38 2:47 Sample mid-point of condition 3
6 LS-10 12:46 6:55 Sample mid-point of condition 6
13 LS-11 20:35 14:44 Sample mid-point of condition 13

Dewater | LS-12/13 55:36 49:45®  |Sampled at completion dead-end
filtration
Wash LS-14 61:03 55:12®  |Sampled at completion of 4 washes
(a) See Figure 2.1 for filtration conditions (axial velocity and TMP).
(b) Total CUF filtration time of 15 hours 8 minutes.

2.5 Chemical Analyses

All of the chemical analyses were conducted at PNWD. The test specification designated the analytes of
interest and minimum reportable quantity (Reynolds 2001). Chemical separation and alpha energy
analyses (AEA) were performed on selected samples for Am-241. Alpha spectroscopy and total alpha
measurements were conducted on all samples. The Sr-90 concentration was determined by chemical
separation followed by beta counting. Sodium concentration was determined by inductively coupled
plasma-atomic emission spectrometry (ICP-AES), as were the other metals listed in the test instruction.
Samples were also analyzed by titration to determine the free hydroxide concentration. Along with the
standard analyses used for determining process performance, additional analyses were conducted on the
permeate and washed solids to support the vitrification testing. The analytical results in support of
vitrification are not discussed in detail here, but all of the analytical results are included in Appendix B.
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3.0 Results and Discussion

The results of the experiments with the AN-102/C-104 waste blend are discussed here. The Sr/TRU
removal process conditions for this test used optimized levels of nonradioactive strontium and
permanganate determined in prior tests. A large enough sample was treated to allow filtration testing in
the CUF. The results of this testing provide data to demonstrate adequate decontamination of Envelope C
tank waste when blended with HLW pretreatment streams (supernatant, wash, caustic leach, and rinse
solutions).

3.1 Decontamination of Sr-90 and TRU

Multiple samples were collected during both precipitation and filtration to determine the extent of Sr-90
and TRU decontamination. The samples, as well as sample time and description, are listed in Table 3.1.
Duplicate lab analyses were conducted on all samples and the results averaged. The radionuclide

composition of the treated samples was compared with the initial composition to determine the extent of

Table 3.1. Sample Identification and Description from AN-102/C-104 Waste Blend

Time from Start | Time from Start of
Sample | of Sr Addition | Filtration Testing
Process Step ID # (h:mm) (h:mm) Comment
Initial Waste LS-01 0:0 -- Initial waste
Sr Addition LS-02 0:18 -- 18 minutes after start of Sr addition, reagent
added over 6 minutes
Mn Addition LS-03 0:42 - 18 minutes after start of Mn addition,
reagent added over 8 minutes
Digest LS-04 1:29 -- 1 hour of digest
Digest LS-05 2:29 -- 2 hours of digest
Digest LS-06 4:34 -- Sampled at completion of digest, 4 hours
CUF 1 LS-07 6:16 0:25 First permeate sample from CUF
CUF 2 LS-08 7:36 1:45 Sample mid-point of condition 2
CUF 3 LS-09 8:38 2:47 Sample mid-point of condition 3
CUF 6 LS-10 12:46 6:55 Sample mid-point of condition 6
CUF 13 LS-11 20:35 14:44 Sample mid-point of condition 13
Dewater LS-12/13 55:36 49:45® Duplicate samples taken at completion of
dead-end filtration
Wash LS-14 61:03 55:12® Sampled at completion of 4 washes in dead-
end filter
Washed Solids | LS-15 61:03 -- Washed solids for energetics and particle
size distribution
Washed Solids [ LS-16 61:03 -- Washed solids for chemical and
radiochemical analyses
(a) Total CUF filtration time of 15:08.
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decontamination. The DF for a specific radionuclide is defined as the concentration of the component in
the initial waste divided by the concentration after treatment, corrected by the amount of dilution that
occurred during sample treatment:

DF =[A], ([A]*MD) (3.1)

where [A]; is the concentration of component A per mass in the initial sample; [A] is the concentration of
component A per mass in the treated sample; and MD is the mass dilution, final mass of treated solution
divided by the initial mass of solution. The final mass is determined by summing up the mass of initial
waste and all dilution, adjustments, and/or reagent additions.

The DFs for Sr-90 and TRU (total alpha) in each sample are shown in Figure 3.1. The Sr-90 DFs were
above the target of 5 (see Section 2.2) for all samples; however, the range was quite large from samples
LS-6 to LS-12/13. Sample LS-02 was taken after Sr addition, and had very little TRU removed. Adding
permanganate (LS-03) increased the removal of both Sr-90 and TRU. The target TRU (total alpha) DF of
1.6 was exceeded when permanganate was added (LS-03 through LS-12/13). The variability in the Sr
DFs shows more of a trend with sample number than the TRU DFs. Furthermore, the large drop (~50%)
in Sr DF from sample LS-06 to sample LS-07 corresponds to a drop in temperature from 31°C (ambient
hot cell temperature) in the precipitation vessel to 23°C in the CUF during filtration testing.

Samples LS-07 through LS-11 were all taken during filtration at temperatures of 22-25°C. The final
permeate, LS-12/13, was collected by dead-end filtration at ambient hot cell temperature.

3.1.1 Decontamination of Sr-90

A large number of samples were taken over time to examine the rate of isotopic exchange by comparing
the ratio of Sr-90 to total Sr in solution. Figure 3.2 shows the ratio of Sr-90 to total Sr with time, and the
ratio for the final permeate and solids. The initial waste supernatant has a Sr-90 to total Sr ratio around
20 Ci/g. The initial waste is known to be well under-saturated in Sr and once the addition of Sr(NO3), is
complete at 18 minutes, the ratio remains relatively constant at 0.02 Ci/g. The isotopic exchange is
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Figure 3.1. Strontium-90 and TRU (Total Alpha) Decontamination Factors for the Samples Taken
During Precipitation and Filtration of Treated (0.02M Sr* and 0.02M MnO;)
AN-102/C-104 Waste Blend
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Figure 3.2. Ratio of Sr-90 to Total Sr as a Function of Time Showing

basically complete at 18 minutes of reaction, so the increased decontamination of Sr-90 with time is not a
function of increased isotopic exchange. The increased Sr-90 decontamination with time is directly
related to the decrease in total Sr concentration, as shown in Figure 3.3. The change in temperature
between the precipitate reaction, 31°C, and filtration, 22-25°C, results in a major increase in Sr solubility;
however, at both temperatures, additional time results in decreased Sr solubility, which in turn results in
increased Sr-90 decontamination with time. The temperature effect on Sr-90 decontamination has been
well documented (Hallen et al. 2002a), but this is the first study that has shown the time-dependent Sr-90

Rapid Isotopic Exchange of Sr-90 from Solution

decontamination is not a result of isotopic exchange but decreased Sr solubility.
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Figure 3.3. Strontium Concentration as a Function of Sample Time and

Temperature During Precipitation and Filtration
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The Sr-90 DF and total Sr solubility from the earlier small-scale tests (Hallen et al. 2002b) and this study
with AN-102/C-104 waste blend are compared in Table 3.2. The data from these tests are consistent
considering the sample times, 4 hours versus 18 minutes, and temperatures, 26°C versus 31°C, were not
the same. The longer reaction time is expected to give better Sr-90 decontamination and lower Sr
solubility. Likewise, the higher temperature also is expected to give better Sr-90 decontamination and
lower Sr solubility.

Table 3.2. Comparison of Sr-90 DFs and Total Sr Solubility for Treated Samples of
AN-102/C-104 Waste Blend

Small-Scale Tests® This Study™
Test Condition | Sr-90 DF | [Sr] ug/g | Sr-90 DF | [Sr] ug/g
Sr-Only 6.9 197 59 165
Sr + MnOy 8.8 172 10.2 101

(a) 26°C and 4 hours after reagent addition.
(b) 31°C and 18 minutes after reagent addition.

3.1.2 Decontamination of TRU

The TRU decontamination as a function of time and temperature was examined in a manner similar to
the Sr-90. Figure 3.4 shows that TRU decontamination was not consistently impacted by time or
temperature. The TRU decontamination was significantly greater than the target value of 1.6 once
permanganate was added. The permanganate reactions and TRU decontamination were complete when
the first sample was removed at 18 minutes of reagent addition and mixing.
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Figure 3.4. TRU Decontamination as a Function of Sampling Time and Temperature
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In addition to total alpha counting, the final dead-end filtered permeate was analyzed by additional
analytical methods to examine the decontamination of specific TRU elements as well as gamma emitters
such as Fu-154. Figure 3.5 shows the DFs for radionuclides that were significantly removed by the
St/TRU removal process. The TRU is primarily Am-241 (>90%), which is reflected by the similar DF
for Total Alpha, Pu-238+Am-241, and Sum of Alpha. Curium is approximately 5% of the remaining
TRU and has high DFs. Eu-154 is not a TRU element but a gamma emitter that contributes significantly
to the dose rate in the LAW vitrification facility. Removal of Eu reduces dose in the LAW feed and is an
added benefit of the Sr/TRU removal process. The other gamma emitters above the background level,
Cs-137 and Co-60, were not removed by the St/TRU process.
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Figure 3.5. Decontamination Factors for TRU Isotopes and Eu-154 in the Final Permeate

The Am-241 and Cm-243+244 DFs for this study and the small-scale tests (Hallen et al. 2002b) with
AN-102/C-104 waste blend are compared in Table 3.3. Both studies showed little or no Am and Cm
decontamination with Sr addition only. The permanganate addition was required for Am and Cm
decontamination, and significantly more decontamination occurred in the large-scale tests discussed here.
This additional decontamination was observed when comparing expected DFs from the small-scale,
20-mL, tests to the 1-L bench-scale experiments, and could be a result of differences in reagent addition,
including the rate of addition and reagent concentration, or possibly mixing. However, the small-scale
tests with the AN-102/C-104 waste blend were lower than expected based on tests with dilute AN-102
(Hallen et al. 2002a), which had DFs of 4.8 for both Am and Cm. Therefore, the results of this study are
more consistent with the expected results for AN-102, and the blending does not appear to have impacted
the decontamination of TRU elements.

3.2 Chemical Composition

The treated slurry was drained from the CUF system and dewatered by dead-end filtration. The solids
were collected on the filter and washed with approximately four equal volumes of 0.01M NaOH. The
wash solutions were composited for analyses, and washed solids submitted for moisture analyses and
digestion for chemical and radiochemical analyses. The impact of the St/TRU process steps on
composition of the permeate, the wash composite, and the combined entrained solids/St/TRU precipitate
is discussed below.
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Table 3.3. Comparison of Am-241 and Cm-243+244 DFs for Treated Samples of
AN-102/C-104 Waste Blend

Test Small-scale Tests This Study
Condition | Am-241 DF | Cm® DF | Am® DF | Cm"® DF
Sr-Only 1.2 1 1.4 0.8
Sr + MnO, 2.7 1.7 4.9 2.9
(a) Cm = Cm-243+244.
(b) Am = Am-241+Pu-238.

3.2.1 Chemical Composition of the Treated Supernatant

Chemical analyses of each sample were conducted using ICP-AES. The ICP data from each sample can
be used to determine the impact of reagent addition and sampling time on the chemical composition of the
supernatant. However, many key elements were below the detection limit on the instrument (ICP-AES
data reports are given in Appendix B). The impact of the St/TRU process on the chemical composition of
the treated supernatant is best summarized by examining the final supernatant composition and
calculating the percent removed relative to the starting waste. Table 3.4 shows the composition of the
final permeate sample in pg/g, and the percent change that occurred for the ICP elements. A number of
the elements show little or no significant change on treatment: Al, Cd, Cr, K, Na, Ni, and P. It is
important that Al, Cr, and P remain in the supernatant so they are vitrified in the LAW melter. The low
Cr removal for permanganate treatment is in contrast to the AN-102 diluted waste (Hallen et al. 2002a),
which showed significant Cr removal (30 to 50%), but similar Cr removal was found for the small-scale
tests with the waste blend (Hallen et al. 2002b). Strontium addition had the most impact on chemical
composition; increasing the total Sr from approximately 1 pg/g to 74 pg/g in the treated supernatant. The
Sr addition also removed Ca from solution. Significant Fe was removed, which has been noted in all
earlier St/TRU removal studies. The permeate had low concentrations of Mn and Fe and showed no signs
of post-filtration precipitation.

3.2.2 Chemical Composition of the Wash Composite

The primary function of the wash step is to displace the interstitial liquid in the dewatered slurry, but
some solids are also dissolved. The treated slurry volume was too low to allow dewatering and solids
washing in the CUF. Instead, the dewatered solids were washed on the dead-end filter unit, which is not
very representative of washing in the crossflow filter unit, since the solids are not re-slurried with each
wash and channeling can occur. Four separate washes were conducted, and the wash permeates were
composited for analysis by ICP-AES (Table 3.5). The change in composition of the wash composite
relative to the diluted supernatant (permeate) composition gives an understanding of the dissolution or
possible precipitation of key elements. A positive percent change indicates the component is greater than
expected and likely resulted from dissolution of the solids during washing. Many of the elements were at
very low concentration, and the analyses have a higher uncertainty associated with the results.
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Table 3.4. Final Permeate Concentration (LS-12/13) and Percent
Removal of ICP Metals for the Treated Waste Blend

LS-12/13 Percent
Analyte (ng/g) Removed
Al 6873 2
Ca [123] 18
Cd 22 -1
Cr 92 -7
Fe [3] 54
K [693] 0
Na 90725 4
Ni 160 0
P 650 1
Pb [52] 11
Sr 74 (a)
Analyte ug/g M
Free OH 2700 0.20
Total Inorganic
Carbon" 6670 0.69
Total Organic
Carbon" 9550 0.99
(a) Srwas below the detection limit in starting waste sample.
(b) Determined by the hot persulfate method.
|Values in brackets are in low concentration, within 10 times the detection
limit, and analytical error is likely to exceed 15%.

Table 3.5. ICP Results for Major Components in Composite Wash Permeate

Analyte ug/g Percent Change

Al 1180 --
Ca [34] 35
Cd 3.96 --
Cr 15.8 --
Fe [1.3] 55
K [130] —
Na 22900 30
Ni 27.8 --
P 99.3 -15
Pb [13] 30
Sr 15.2 15
Mo [5] 30
Zn [2.2] 55

|Values in brackets are in low concentration, within 10 times the
detection limit, and analytical error is likely to exceed 15%.
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3.2.3 Chemical Composition of the Combined Entrained Solids and
Sr/TRU Precipitate

The combined entrained solids and St/TRU precipitate were washed on the dead-end filter; approximately
30 grams of wet solids were recovered. The filtered, washed solids were determined to be 48 wt% solids.
Using the recovered solids mass and total mass of the slurry in the CUF, the slurry was calculated to be
1.35 wt% insoluble solids. The ICP data were also used to estimate the solids content based on mass
balance with added Sr and Mn. Using the ICP data shown in Table 3.6 and the known mass of added Sr
and Mn, the total insoluble solids were estimated to be 1.38 wt% in the slurry. The two methods agree
quite well, suggesting the slurry during filtration in the CUF was 1.4 wt% solids. The initial entrained
solids were calculated to be 0.9 wt% undissolved solids. This is close to the value expected based on the
initial AN-102 with 2 wt% undissolved solids and the dilution that occurred with blending of the C-104
streams.

3.3 Estimated Sr-90 and TRU Levels in ILAW Glass

The data from this experiment can be used to estimate the Sr-90 and TRU loadings that would be
expected in ILAW glass made from the treated supernatant. Values listed in Table 3.7 are given for the
current baseline design waste glass concentration of 15 wt% waste Na,O in the ILAW. The results show
that the treated supernatant from all samples taken was below the contract limits for ILAW glass.

Table 3.6. Chemical Composition of Combined Entrained Solids and
St/TRU Precipitate (Dried Basis)

Analyte pg/g-Dry Solids
Al 82300
Ba 149
Ca 3300
Cd [33]
Ce [245]
Cr 5270
Fe 8225
La 407
Mg [130]
Mn 66950
Mo [54]
Na 197500
Nd [463]
Ni 225
P 1685
Pb 843
Pd 415
Sr 96650
Ti [38]
Zn 304
Zr 318
Values in brackets are in low concentration, within 10 times the
detection limit, and analytical error is likely to exceed 15%.
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Table 3.7. Sr-90 and TRU ILAW Glass Loading for 15 wt% Waste Na,O

Sample Sr-90 (Ci/m’) | TRU (nCi/g)
ILAW Limits: 20 100
Initial Waste Blend, LS-01 61 66
Treated Samples (Average) 4-10 (7) 10-21 (16)

Strontium and permanganate addition levels of 0.02M and precipitation and digest at ambient temperature
(31°C) were adequate to meet the contract requirement. The TRU loading of the initial waste blend was
below the contract limit because of the low TRU content in the C-104 sludge pretreatment stream.
However, significant TRU removal/decontamination occurred when permanganate was added. As noted
earlier, in addition to TRU removal, permanganate removed other gamma emitters such as Eu-154, which
will help reduce the dose of the ILAW waste.

3.4 Filtration Testing

All permeate flux data have been corrected to 25°C by using the following equation;

11
_ 500[ 273+T_ﬁj
Flux,;. =Flux;e (3.2)

where Flux,sc is the corrected permeate flux, and T is the temperature (in °C) when the flux measurement
(Fluxt) was taken. Raw data for the permeate flux measurements are included in Appendix B.

3.4.1 Clean Water Flux

Clean water flux measurements are taken before and after all CUF testing. A comparison of clean water
flux measurements is given in Figure 3.6 for AN-102/C-104 waste blend (this study) and for AN-102
diluted waste reported by Nash et al. (2000b) before and after waste testing. Nash’s measurements were
obtained at a slightly higher nominal axial velocity, 12 ft/s (3.7 m/s), than used in this study, which was
11 ft/s (3.4 m/s). However, without any solids present, the flux measurements are expected to be
dependent on TMP alone. The filters used in each study were different (high purity vs. industrial grade),
but both displayed very similar clean water flux measurements before and after waste testing.

3.4.2 AN-102/C-104 Filtration Test Results

At the completion of the 4-hour precipitate digest in the large beaker, the slurry sample was transferred to
the CUF feed reservoir for filtration testing. The slurry was estimated to be 1.4 wt% of entrained and
St/TRU precipitated solids. Only 950 mL of St/TRU precipitated slurry were available for the CUF
testing. Volumes less than 1 L adversely affect the pump performance and, as a result, the CUF was not
able to reach all the targeted matrix conditions (combinations of high TMP and high axial crossflow
velocity). The CUF was able to reach all matrix conditions during shakedown testing with higher
volumes of slurry and during subsequent testing of the CUF with other tank waste. When the CUF is run
with insufficient volume (i.e., less than 1 L of feed), the pump entrains air and pump performance
declines. However, the inactive tests with treated AN-102/C-104 simulant showed that air entrained due
to insufficient volume does not materially affect the permeate flux (refer to Section 3.5.2).
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Figure 3.6. Clean Water Flux of the High Purity and Industrial Grade 0.1-um Mott Filters
Before and After Testing Treated AN-102/C-104 and AN-102 Waste Samples

Table 3.8 provides the targeted conditions, average actual condition and the permeate flux, averaged
between 10 and 60 minutes after each backpulse. Each condition was run for 1 hour after backpulsing.
Note that conditions 1, 2, and 3 have identical targeted flow and pressure. A review of the Nash et al.
(2002a,b) filtration data before testing revealed that the majority of the flux decay with time occurred
within the first 3 hours of testing. Therefore, the first condition was held for 3 hours to reduce the time
dependency of the permeate flux for all subsequent conditions.

Table 3.8. Permeate Flux Data for Targeted and Actual Run Conditions

Targeted Flow| Targeted Average Flow Average Permeate Flux
Condition Rate (ft/s) TMP (psid) Rate (ft/s) TMP (psid) (gpm/ftz)
1 11 40 11.0 39.9 0.053
2 11 40 11.1 39.9 0.048
3 11 40 10.9 39.9 0.044
4 9 30 9.1 30.8 0.037
5 13 30 12.9 30.8 0.041
6 3 50 9.6 51.0 0.036
7 9 50 (a) (a) (a)
8 11 40 10.7 40.7 0.039
9 7 40 7.2 42.9 0.028
10 15 40 10.6 41.7 0.033
11 11 20 10.9 213 0.027
12 11 60 8.1 62.7 0.027
13 11 40 11.0 39.6 0.029
(a) Condition 7 was skipped because the targeted conditions for this test were the same as the actual conditions in
condition 6.
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As expected, and clearly seen from Figure 3.7, the permeate flux has a strong time dependency. As with
previous studies (Hallen et al. 2000a,b; Brooks et al. 2000a,b), the flux decreases with time after
backpulse and between conditions. These flux values are similar to those reported by Nash et al. (2000b)
under similar test conditions. The flux declines with time to values of 0.03 to 0.04 gpm/ft*, and is only
slightly impacted by changing filtration conditions, TMP and axial velocity. The solids loading is quite
low in these tests, 1.4 wt%, and because of the low volume of treated waste, <1 L, higher solids loading
tests and dewatering in the CUF were not possible.

The average flux data as a function of filtration conditions were analyzed using a statistical software
package (SAS Institute, Inc.) to determine the dependency of the flux on time, axial velocity, and TMP.
Using linear regression and the three variables, the model predicts 95% of the data variation (Rsquare =
0.95). Of this predictive capability, 89% of the model is influenced by run order (time), 7% by axial
velocity, and 4% by pressure. See Figures 3.8 through 3.11 for a graphical presentation of the model.
The leverage residuals are the flux variations that remain after applying all the model parameters, except
the parameter represented on the y-axis. The leverage plots are shown with confidence curves that
indicate whether the test is significant at the 5% level by showing a confidence region for the line of fit.
If the confidence region between the curves contains the horizontal line, then the effect is not significant.
If the curves cross the line, the effect is significant.

The low flux dependence with pressure indicates that the flux is limited by back-transport of solids away
from the membrane surface. Increasing time, decreasing axial velocity, and decreasing pressure all cause
the flux to respond lower. The equation for permeate flux as predicted by the model is provided:
Flux =2.04 x 107 - 2.06 x 10~ x Time + 2.13 x 10~ x Velocity + 2.03 x 10* x TMP (3.3)
With Flux in gpm/ft*, Time in hours, Velocity in ft/s, and TMP in psid
Using the empirical model described to normalize the flux to remove time dependency (normalized to the

first hour of testing), the permeance (flux/pressure) decreases with pressure, with the best-fit curve given
Equation (3.4). Figure 3.12 displays this equation graphically.
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Figure 3.7. Permeate Flux as a Function of Time at Targeted Conditions of 11 ft/s Axial
Velocity and 40 psid Transmembrane Pressure (Conditions 1, 2, 3, 8, and 13)
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Permeance = 1 x 10* +4.31 x 102 x 1/TMP

With Permeance in gpm/(ft* x psi) and TMP in psid
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3.12



The data indicate that as the pressure goes up, the permeance decreases as the inverse of pressure or,
viewed another way, that the flux is weakly dependent on pressure. Increased pressure increases the
deposition of particles on the membrane, counteracting the expected result of increase pressure and
causing a proportional increase of flux in accordance with Darcy’s law (see Equation 3.5). Thus,
pressures higher than those tested would be of marginal benefit to the permeate flux.

3.4.3 Investigation into the Cause of the Permeate Flux Decline

It is useful to consider the cause of the decline in permeate flux. First, the hydraulic resistance of the
membrane can be determined using Darcy’s pressure filtration equation:

Flux:=
1R otal (35)

Where P is pressure, p is viscosity, and Ry, is the total hydraulic resistance due to the filter media itself
(Rimedia), fouling of the filter media during the test (Reouing), and any cake/particulate on the filter surface
(Rcake): Rtotalszedia+Rfouling +Rcake-

In the clean water flux test, prior to running the treated waste, Reouiing and Rae are zero and all the
filtration resistance is from the filter media. Any increase in resistance measured during the post-testing
clean water flux is attributed to fouling of the filter media. As shown in Table 3.9, the measured 0.1-um
filter media resistance before testing was 8.4 x 10'' m™. After testing, the total resistance increased to
12.4 x 10" m™; the difference, 4 x 10'' m™, being attributed to fouling that occurred during testing. The
total resistance of the filter increased by approximately 50% due to internal fouling during testing in both.
It is recognized that the true fouling resistance could be higher, as some of the solids that caused the filter
fouling may have dissolved during the CUF cleaning before the final clean water flux was measured.
Nevertheless, an increase in hydraulic resistance of this magnitude is generally expected and has been
documented for other Hanford tank wastes (Geeting and Reynolds 1997).

Using the resistances determined in Table 3.9, and the average filtration data from Table 3.8, the total
hydraulic resistance (Ry1) during the filtration of the treated waste can be determined, as well as the
resistance from solids on the filter (R...). For this analysis, 3.54 cP was used as the viscosity of the
supernatant (the measured viscosity of simulated AN-102/C-104 supernatant). Results of these
calculations are shown in Table 3.10.

Initially, during condition 1, Reqi» and Rg, accounted for 40% of the total resistance. By the end of the
test, even though the sum of R4, and R,y increased by 50%, their contribution to the total resistance

decreased to 32%, because R,k went up by a factor of 2.

Table 3.9. Filter Resistance Before and After Testing

Filter Rtotal Rmedia llfoul Rcake
Resistance @10"m" | @a0"m" | @0"m") | @0"m?’
Before Testing 8.4 8.4 0 0
After Testing 12.4 8.4 4.4 0
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Table 3.10. Filtration Resistance During Testing

Filter Rtotal Rmedia Rfoul Rcake
Resistance | (10"m™) | (10" m™ (10" m™ (10" m™)
Condition 1 21.6 8.4 0.3% 12.9
Condition 13 39.2 8.4 4.4 26.4
(a) A linear increase of the resistance due to filter fouling was assumed.

Based on this analysis, investigation of the flux decline should be centered on changes in the slurry
properties. Figure 3.3 reveals that the concentration of Sr in the permeate was steadily decreasing during
the CUF testing. Clearly, the system was not at equilibrium and solids in the slurry were still
reacting/changing with run time during the filtration test. This fact alone may account for some of the
decline in flux with time.

It is also speculated that the increase in cake resistance may be an artifact of the experimental procedure
used for evaluating filtration performance, where a small volume of waste is recycled for many hours
while filtration conditions are varied. If the solids in the waste are at all friable, particle attrition will
occur with time. Less particle attrition is expected in the plant where the waste is dewatered immediately
upon receipt. A comparison of the volumetric flow rate of the retentate (i.e., the slurry) with the
volumetric flow rate of the permeate indicates the number of times the waste cycles through the crossflow
system. Using the test conditions from the CUF® and the proposed plant filter geometry,® the calculated
number of times the waste would recycle through the plant’s filtration system is estimated to be 230. This
number is likely higher than expected because the plan for the waste treatment plant is to stop dewatering
at ~20 wt% undissolved solids, and the 230-cycle estimate assumes compete conversion (dewatering) to
permeate. It is estimated that the slurry was recycled 11,000 times through the filtration system during
the CUF testing. When comparing filtration test results for the CUF (~11,000 cycles) with that expected
in the plant (<230 cycles), less particle attrition should be expected in the plant.

3.4.4 Particle Size Determination

The particle size of the final washed solids (combined entrained solids and Sr/TRU precipitate) was
determined using a Microtrac X-100 particle size analyzer. Particle size data were obtained at two flow
velocities and after sonication. The particle size distribution based on volume (Figure 3.13) clearly shows
the waste solids form agglomerates that are very sensitive to shear forces, both increased velocity and
sonication. The number-basis particle size distribution (Figure 3.14) gives a better indication of mean
particle size, which was reduced approximately 40%, from 1.79 pm to 1.13 pm with an increase in
solution velocity and sonication. Manganese solids prepared from permanganate treatment of waste
simulant were found to be amorphous and sub-micron in particle size by scanning electron microscopy
and transmission electron microscopy analyses. The Mn solids form larger agglomerates that are very
sensitive to shear forces, as shown in the comparison of the particle size analyses of Mn solids with and
without sonication in Figure 3.15. The particle size data help to explain the reduced filter flux.

(a) 0.03 gpm/ft® at 11 ft/s axial velocity and 40 psid.
(b) Filter tube ID % inch; length 90 inches.
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Figure 3.15. Particle Size Analyses of Simulated Mn Precipitate

3.5 Inactive Filtration Test Results

This section describes filtration tests conducted in the cold CUF to provide additional filtration data for
comparison purposes. The cold CUF is identical to, and was fabricated at the same time as, the hot CUF
installed in the hot cell. Test were conducted with clean water, a SrCO; slurry, and samples of treated
AN-102/C-104 simulant.

3.5.1 Filter Comparison

Filter flux measurements were made to compare the clean water flux from the two filter types (industrial
grade and high purity) (Figures 3.16 through 3.19; note, in the figures, industrial grade is designated as IG
and high purity as HP). One high purity filter was tested and two industrial grade. All were new and had
never been used for filtration testing.
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Figure 3.16. Comparison of Clean Water Flux Measured with New 0.1-pm
High Purity and Industrial Grade Filters
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Figure 3.18. Comparison of SrCO; Slurry Results with the HP and 1G Filters

As shown in Figure 3.16, the average permeate flux for IG #1 and HP is very similar. However, a closer

evaluation of the time-dependent flux data for these filters indicates that the IG filter had a stable

permeate flux with time. In contrast, the HP filter flux was varied immediately after backpulsing. This

contrast is most clearly illustrated Figure 3.17, which shows the same data as Figure 3.16, but also
includes the data immediately after backpulsing.

If the CUF system was clean and only clean water was being filtered, neither filter should have shown

any time dependency. The results in Figures 3.16 and 3.17 were surprising, as the cold CUF was
completely disassembled and each part was hand cleaned prior to these tests.
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Figure 3.19. Comparison of Filtration Flux for the IG and HP Filters with Treated
AN-102/C-104 Simulant

In contrast to the clean water flux results, the filtration data for the SrCO; slurry, used to further compare
filter performance, indicate that IG #1 is initially more permeable than the other filters, as shown in
Figure 3.18. (After the initial SrCOs; testing, IG #1 was set aside for filtration testing in the hot cell with
actual wastes, and IG #2 was tested.) 1G #2 and the HP initially have approximately the same
permeability, with the HP filter having a higher measured permeability at 10 psid but lower at 30 psid
TMP. A comparison of the two IG filters indicates there was significant variability in the initial
permeate flux. Mott indicated that the IG should initially be more permeable than the HP, and these
results are generally consistent with that information. It is interesting that after the AN-102/C-104
simulant testing, the IG filter became less permeable than the HP filter, suggesting the IG filter is more
susceptible to fouling.

Both types of filters were tested with a treated AN-102/C-104 simulant that contained approximately

0.8 wt% undissolved solids. These results are presented in Figure 3.19. An order-of-magnitude analysis
of the hydraulic resistances for filtration indicates that the differences in filter permeability observed has
very little influence on the overall permeate flux. This conclusion is supported by the data, as the overall
averaged flux measured was within 2.5%, at 0.0329 and 0.0337 gpm/ft* for the IG and HP filters,
respectively. The IG showed more variability with the standard deviation of 0.00675 versus 0.00424 for
the HP. As can be seen in the comparison of the results from the SrCOj; slurry and treated
AN-102/C-104 simulant, there is not a significant difference between the 1G and HP filters.

3.5.2 Effect of Entrained Air on Filter Flux

To determine the effects of entrained air on filter flux, immediately following the completion of filter test
matrix with treated simulant (using the high purity filter), the slurry volume was reduced from 1500 mL
to 900 mL. Two conditions were then run at these reduced volume conditions for 1 hour each, 21 psid
TMP, 11 ft/s; and 40 psid, 11 ft/s. The data were then used to develop an empirical model using the
statistical analyses software program (see Section 3.4.2). The empirical model derived from the simulant
data was used to predict the permeate flux measured at the additional processing time for these low-
volume test conditions.
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The results for the low-volume filter tests could be compared with the model’s predicted values to
ascertain if there were any significant differences in the observed and predicted flux. Figure 3.20 shows
the middle line, a regression line, through the observed simulant flux values that generated the empirical
model. The two outer irregular lines are the 95% prediction bands for individual flux values; 95% of
simulant runs would be expected to generate observed flux values between two lines. The two plus
symbols (first symbol from the left and fourth from left) are the two low-volume observed flux results,
and they are well within their corresponding prediction range based on the simulant model. Any values
inside the outer confidence lines would have been acceptable, and these values are well within those
bounds. Therefore, evidence suggests that the low-volume filtration does not adversely affect the filter
flux, but limits the ability to reach the higher TMP and crossflow velocity conditions of the filtration test
matrix.
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0.045 — Predicted
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Figure 3.20. Comparison of the Simulant Empirical Model with Low-Volume Simulant Permeate
Flux Measurements
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4.0 Conclusions and Recommendations

Reagent addition and precipitate aging/digest were conducted on AN-102/C-104 waste blend samples at
ambient hot cell temperature (31°C). This temperature was outside the test specification of 25 + 5°C, and
was higher than expected, but no provision had been made for cooling the large, 4-L, beaker before the
test started. Reagent addition was Sr(NO;), at 0.02M and NaMnOy, at 0.02M. The waste blend was
treated at the initial free hydroxide level, 0.33M. Multiple samples were taken during precipitation,
digest, and filtration. The DFs for Sr-90 for all of the samples taken were higher than 5, which is an
adequate decontamination to meet ILAW disposal requirements. The addition of permanganate increased
the Sr-90 decontamination, and the Sr-90 DFs increased with time. However, upon introduction and
simultaneous cooling of the sample in the CUF for filtration testing, the Sr-90 DF decreased as a result of
the decreased filtration temperature, 22-25°C. This decrease was expected, as earlier results have shown
the Sr-90 DF to increase with increasing temperature. The results also show that precipitation
temperature does not determine the DFs of the St/TRU process, but filtration temperature does have an
impact. These results verify that, for Sr-90 removal, the precipitation temperature and filtration
temperature should be the same and the Sr(NO;), addition can be reduced to 0.02M.

The primary mechanism for Sr-90 removal is isotopic dilution with the added nonradioactive Sr(NO;),.
Examining the Sr-90 to total Sr data ratio for the samples as a function of added reagents and time
showed the isotopic exchange was basically complete at 18 minutes. The increased Sr-90
decontamination with time was not a result of increased isotopic exchange but continued precipitation
(reduction of total soluble Sr). The permanganate addition also reduced the total Sr levels, which resulted
in a higher Sr-90 DF. The reduction in total soluble Sr by permanganate treatment is likely a result of
oxidation of the chelating agents, EDTA and HEDTA, and possibly the increase in carbonate
concentration.

The TRU decontamination in the AN-102/C-104 waste blend occurred after the permanganate was added.
The TRU removal exceeded the requirements for ILAW glass by a factor of 5. The TRU
decontamination showed no consistent trend with time or temperature. The TRU decontamination at

18 minutes for the start of permanganate addition was very similar to the final value obtained after

55 hours of additional testing. The TRU removal for this study was higher than from the 20-mL-vial test
(Hallen et al. 2002b) and consistent with AN-102 diluted waste (Hallen et al. 2002a). This result suggests
that blending had no impact on TRU removal. The initial TRU levels were also significantly decreased
with the waste blending, such that the waste without treatment was below the ILAW levels. However,
permanganate treatment has the added benefit of reducing gamma levels in the LAW feed, i.e., removal of
Eu-154.

Crossflow filtration testing was conducted with the treated waste slurry consisting of approximately

1.4 wt% total insoluble solids, combined entrained solids, and St/TRU precipitate. Filtration performance
was similar to the unblended AN-102 waste filtration tests conducted at SRTC (Nash et al. 2000b). Long-
term filtration performance for the St/TRU treated waste is expected to be in the range of 0.02 to

0.04 gpm/ft*, but will decrease with higher solids loading and increased filter fouling. Additional
conclusions include:

o For a slurry of 1.4 wt% insoluble solids, the average permeate flux ranged from 0.027 to

0.053 gpm/ft’. Statistical modeling indicates that the dominant variable affecting the permeate flux
data was time, followed by axial velocity and TMP.
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The bulk of the permeate flux decline with time may be caused by increased hydraulic resistance of
the slurry rather than in-depth fouling of the filter. The increase in resistance is believed to be a result
of continued solids formation during the run, as the slurry was not at equilibrium. The soluble
strontium concentration in the permeate steadily decreased during the run, resulting in an increased
undissolved solids loading.

Another contributing factor to the permeate flux decline is believed to be particle deagglomeration/
attrition due to severe shearing conditions in the CUF. This conclusion is supported by particle size
analyses that showed a 40% decrease in mean particle size on sonication of the washed solids, which
is theoretically sufficient to cause the permeate flux decline observed.

Operating volumes less than the minimum (<1 L) result in air entrainment, which degrades the pump
performance. It was demonstrated with treated AN-102/C-104 simulant that the air entrainment does
not materially affect the resulting permeate flux.

The comparison of industrial grade and high purity (also known as the 9-log reduction media) 0.1-um
filters indicates the permeate flux results differ as a function of filter conditions for the simulant
tested. However, the average permeate flux measured for the treated AN-102/C-104 simulant with
both filters was within 2.5%, at 0.033 and 0.034 gpm/ft* for the industrial grade and high purity
filters, respectively. The permeate flux from the industrial grade filter was influenced more by
changes in axial velocity and TMP (made during testing of the standard test matrix), as the standard
deviation was 0.0068 gpm/ft* (vs. 0.0042 for the high purity filter).
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L Applicability

This test instruction details partial implementation of PNNL Test Plan TP-PNNL-WTP-019, Sr/TRU
Precipitation and Crossflow Filtration Test Plan. The specific work detailed in this test instruction is the large-
scale Sr/TRU precipitation and subsequent crossflow filtration tests in the Cell Unit Filter (CUF). The
precipitation work will be conducted according to RPL Routine Research Operations Procedure, RPL-OP-001.
The filtration testing will be conducted in accordance to the Battelle Operating Procedure, TPR-RPP-WTP-058,
Ultrafiltration Testing. These tests will use the integrated process waste, AN-102/C-104. The waste mixture
was evaporated in HLRF to a sodium concentration of approximately 5.5M. Approximately 1-L of the
evaporated AN-102/C-104 will be available in HLRF hot cells for these tests.

Work is to be performed by hot cell technicians under the supervision of a cognizant scientist/engineer. The
cognizant scientist/engineer shall be responsible for implementation and adherence to this test instruction. This
instruction is specific to:

e Sr/TRU and entrained solids removal from an integrated envelope C waste; AN-102/C-104 blend
precipitation of Sr and TRU by strontium nitrate and sodium permanganate reagent addition, and

crossflow filtration tests performed at Battelle in the RPL, by staff in the Environmental Technology
Division.

1I. DRD Reference

Task 9.2.2 of the Development Requirements document identifies activities for Active Integrated Pretreatment
Testing (i.e., mixing AN-102 and C-104 HLW permeate and subsequent process verification testing).

1. Schedule Reference

The RPP WTP Research and Technology schedule for Y2001 identifies this activity as R20850, RTPT
Integration of Pretreatment systems (PNNL). The corresponding activities on the PNNL schedule are 02.05.

IV. Justification

Sr/TRU removal tests with AN-102 at Savannah River last year were successful in demonstrating adequate Sr
and TRU decontamination. Subsequent tests at Battelle examined the effect of minimizing reagent addition, and
the impact of integration of HLW process streams (C-104 sludge washing/leaching solutions). This tests will
use AN-102/C-104 homogenized feed to verify decontamination levels at low levels of reagent addition, and
prepare a large enough batch of combined entrained solids and precipitate to conduct crossflow filtration tests in
the CUF.

V. Objective

The objectives of this task are to:

e Perform St/TRU precipitation tests on a large sample of the AN-102/C-104 waste at low levels of reagent
addition (0.02M strontium nitrate, 0.02M sodium permanganate, and no additional hydroxide).

e Collect samples, filter immediately, and analyze the precipitation mixture with time for sodium, total
strontium, *°Sr, and total alpha counting to determine decontamination factors.

e Conduct filtration tests in accordance with a test matrix to determine the filterability of the combined
entrained solids and Sr/TRU precipitate as a function of time, transmembrane pressure, and crossflow
velocity.

e DPrepare treated filtrate/supernatant for ion exchange testing.
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e Wash solids for analyses and energetics/gas generation testing.

e Evaluate data and report the results.

VI. Success Criteria

The success criteria are to demonstrate that the treated waste meets specification 2 of RFP solicitation
DE-RP27-00RV 14136 for removal of *Sr and TRU elements from the LAW solution and the combined
entrained solids/precipitate can be filtered by crossflow filtration.

VII. Spill Protection/Response

Hot cell technicians shall conduct tests in a manner to minimize the impact of a spill. In the event of a spill, all
practical efforts will be made to recover the test material. Recovered material will be segregated and retained
pending a decision by the cognizant scientist/engineer on how to proceed.

VIII. Feed Description

These St/TRU removal and filtration tests will use the remaining AN-102 /C-104 homogenized feed. This
material was prepared by evaporating the AN-102/C-104 dilute, homogenized sample to approximately 5.5 M
sodium.

IX. Equipment Description

The St/TRU removal test will be conducted on a large scale, approximately 1-L, in HLRF. A 4-L stainless steel
beaker with overhead mechanical stirrer will be used for precipitation. After 4 hours of precipitate digestion, the
slurry will be transferred to the CUF resorvior for filtration tests. The CUF is described in Ultrafiltration
Testing Operating Procedure.

X. Work Instructions

1.0 Relevance
This test instruction is to be used to perform St/TRU removal and crossflow filtration tests with AN-102/C-
104 homogenized waste. The homogenized sample of AN-102/C-104 is currently located in HRLF.
Homogenization of AN-102 tank waste samples and C-104 wash/leach solutions occurred in HLRF under
Test Plan 41500-004 and according to Test Instruction 41500-005. Evaporation was conducted according to
Test Instruction PNNL-WTP-050.

2.0 Supporting Documents
This test instruction is to be used with the Routine Research Operations Procedure, RPL-OP-001, Battelle
Operating Procedure for Ultrafiltration Testing, TPR-RPP-WTP-058, and the St/TRU Removal Test Plan,
TI-WTP-019. Sr/TRU removal test conditions and analytical requirements were designated in Test
Specification TSP-W375-01-00003 from CHG. These are follow-on studies of work performed at Battelle
and SRTC for the RPP-WTP Contractor (BNFL-TI-29953-037, -040, -041. -043, -052, and -063).

3.0 Responsible Staff
The staff responsible for executing this test plan are as follows.
e Task Manager — Rich Hallen
e SFO Manager — Randy Thornhill
o Test Scientists/Engineers — Rich Hallen, John Geeting, Dave J ackson, Lynette Jakoda
[ ]

Hot Cell Technician — list names/location/work perfgrmed . . o
~ ST A (U ding Porfi

—
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e Radiological Control Technician

4.0 Materials, Equipment, Supplies and Reagents Needed
4.1 Materials Required

1.

Nk v

RN

Twelve 20 mL glass vials for samples, pre-labeled as follows: LS-01 through LS-12. Record tare
weight on each vial before transfer into hot cell.

6 - disposable syringes and 0.45 micron syringe filters. With extras on hand if filtering is difficult.
1-L storage bottle for filtrate product

4-L stainless steel beaker

1-L disposable deadend filtration unit with 0.45 um filter.

Long reach disposable pipettes for sampling.

Two 10 mL volumetric flasks for determining the density of the initial AN-102/C-104 supernatant.

Equipment

160 gram and 2 kg capacity analytical balances
overhead stir motor and impeller

Calculator

Clock/Stop-watch

Thermometer or temperature reading device

4.3 Reagents Needed In Hot Cell (see prep sheet)
1. 21 mL of 1M Sr(NO3),
2. 21 mL of 1M NaMnO,

4.4 Other Supplies

1.
2.

5.0 Instructions

Copy of this TI to record data ' ) / f"L
Laboratory Record Book (use red bound lab notebook, record book BNW- % &

The laboratory record book (LRB) shall be used to record observations and other tésting information as
required by this test instruction. All test conditions shall be recorded on a copy of this test instruction or in
the lab notebook.

Cross-contamination between samples and contamination of samples from outside sources must be
minimized at each step. Use new supplies and bottles for each sample as much as practical.

Keep lids on containers to minimize the potential for spills and to prevent evaporation.

5.1 Prestart

5.1.1 Prepare strontium and permanganate solutions according to the attached preparation sheet. Calculate
solution densities and record these values. All vials should be labeled and tared before they are taken into the
hot cell. NOTE: Tare weigh bottle/vials with caps/lids

5.1.2 Inventory materials, equipment, supplies, and reagents to ensure all required items are available.
Modified materials/equipment as needed for remote handling.

Record Unique ID # of reagents:

wsvog, 11 S (1032

gi,/{'/vis Led? lb'w
CuF Loy broles 1OER —
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IMNamno,_{ M Ng M0y

5.1.3 Review the test conditions in this test instructions. Note the calculation worksheet, which gives quantities
of reagents to be added. Materials may be dispensed on a volume basis but always record the weight.

5.1.4 Obtain the following information:

MA&TE List: Note Balance Location, cell #
2Ky VOGld = 2600 0\ grams

>-— Balance(s) : (recofd for each balance used)

cav 112142177 Calib Exp Date_L ~ 0%

Location B co U —yosdin 2009~ Z00. 0|5jym

_l__ temperature reading device (thermometer or thermocouple/reader): 1] \ 3 “é%3 ) 2-220
CalibID  29(3 Calib Exp Date wee =
Location f} e § it~ <6/ 200!

3/°%¢ 2:304m  5/7/0/
5.2 Sr/TRU Precipitation

Record the initial weight of the empty 4-L beaker. Set up the 4- L beaker and overhead stir assembly.
Weight of empty beaker '7 ‘6? ) O L} ﬁ

Locate sample bottles. TI-050 indicates that the evaporated feed is in three separate bottles labeled
AN-102/C-104 FEED#1, AN-102/C-104 FEED #2, and AN-102/C-104 FEED #3. Record the
appearance of each bottle of waste. Note color and presence of solids. Additional solids may have
formed with time. Record weights, and quantities transferred to the large stainless steel breaker. Use
approximately 25 mL to wash/rinse each bottle. Record the amount of water transferred to large

beaker. f/] kﬂowpwu
AN-102/C-104 FEED#1 17 02 37 9 Mo Py ) H)e So N s - Jruy colov

Full Bottle weight 2125 9 Empty Bottle Weight 3 2D, 2 i Waste Transferred 5%5 ‘:7 f

Solids [afer heot elL wetide b.5%9" ‘/25
Empty Bottle with wash water 5 6 l ‘Z z Washed Bottle Welght__[ 5 ﬂ Water added 4{ 7:7%9
Leornd Wok 330178 u—ﬁ&@w&/w‘m@,(m 5/4.03 MM%’W

S it
AN-102/C-104 FEED#2 %/me WW b:al:tm\a(, m o

4

Full Bottle weight 7 gl 52 Empty Bottle Weight 5 b / Ef f) Waste Transferred gc()[ 07 ‘()YW"‘/

Empty Bottle with wash water j 2 éz, D ‘ Washed Bottle Weight lé) - [ [ Water added [ 70 9
ﬁ/\mm% r beB(dl=-

AN-102/C-104 FEED#3 Lhy, ' =

Full Bottle weight Z é; 5 & #Empty Bottle Weight 563 ri g Waste Transferred l B\ W
ol (67, 7 g
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Empty Bottle with wash water ,S 3é- é % Washed Bottle Weight : 2(’:2 (7 7 Water added 13 777

& 3114 M Sy ver 4avnel 01

Mix the total volume of waste in the large beaker. Use a volumetric flask (ball ﬂask) to determine the

density of the waste. Record the density of the AN-102/C-104 feed k@qﬁQ Lk %IO‘“ 9f o
56‘“’" Y
Ve

tare ﬂask CG (150g, flask + waste_ \ } ( , waste mass | ’_-( 9 g, flask volume MmL
density l«l‘_‘tg g/mL

Repieat in clean volumetric.

tare ﬂaskcl Z’5‘8g flask + waste l b Hg g, waste mass l L E{ Z g, flask volume /0 mL
density l Ll_‘tf‘ g/mL

Average density ( ! 9\‘-{47 g/mL

Record Cell Temperature _f’[

Pour the waste out of the volumetric flasks back into the large beaker.

Removed 5 mL of sample from the large beaker, and filter with a disposable syringe/filter into vial #
LS-01. Record the weight of sample taken.

Vial LS-01/ é? 4530 Vial plus sample weight 23 3 1(') sample removed é géjg ﬂ‘/d"W ﬂj}

While mixing add the 21 mL of 1M Sr(NO3)2 over a period of approximately 5 minutes. Record the tu'e e,t/w\‘;
time addition was started and completed.. After the addition is complete, mix for approxlmatel}y(fh b
minutes and remove a 5 mL sample of the slurry, noting the time the sample was removed. Filter the

sample immediately with a disposable syringe/filter into vial # LS-02. Record the weight of sample

taken.

Weight 1M Sr(NO3)2 initial ll\\ %?) Weight after addition complete qq 15‘ GV’M\/ %072 v
added

Addition Start Time 5/ :O‘:( A Addition Complete 5500 Mixing Complete 5 ¢ /LO

Sample Removed 5" v

Vial LS-02 tare | z‘ 1)07) Vial plus sample weight )\g ﬂ ),5 sample removed é i 2;225 i

With continued mixing, add the 21 mL of 1M NaMnO4 over a period of 5 minutes. Record the time
addition was started and completed. After the addition is complete, mix for approximately 30 minutes
and remove a 5 mL sample of the slurry, noting the time the sample was removed. Filter the sample
immediately with a disposable syringe/filter into vial # LS-03. Record the weight of sample taken.
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Weight IM NaMnO4 initial_| Ll %7( gg;;lfter addition complete 7 ¢ & ‘-_{, 9 Voran—
Addition Start Time 929 Addition Complete 236 Mixing Complete 5 & £ wﬂﬁi
Sample Removed > ¢ 16 Y habe s M@w 4

Vial LS-03 tare / b, /9% Vial plus sample weight ¥ + 92 N9 32 Qe removed (0.5 2 17;/zuw

One hour after the mixing the permanganate was completed, remove a 5 mL sample of the slurry,
noting the time the sample was removed. Filter the sample immediately with a disposable
syringe/filter into vial # LS-04. Record the weight of sample taken.

Sample Removed M___ L\/gt \X evek © (C “

Vial LS-04 tare _f b 370 Vial plus sample weight 2 ; ZL 85ample: removed é ' Wg j (o1

Two hour after the mixing the permanganate was completed, remove a 5 mL sample of the slurry,
noting the time the sample was removed. Filter the sample immediately with a disposable
syringe/filter into vial # LS-05. R rd the weight of sample tak

(rev /S inge
Sample Removed M ’Zﬂémp»f:l 77 70

Vial LS-05 tare / (), 9 7/( Vial plus sample weight 2 5 { [3 asample: removed g/ﬁ g7 _; 7‘ Ve
7

Four hour after the mixing the permanganate was completed (end of the 4 hour digest), remove a 5 mL
sample of the slurry, noting the time the sample was removed. Filter the sample immediately with a
disposable syringe/filter into vial # LS-06. Record the weight of sample taken.

-, U Aagt fune = 973C
Sample Removed ('z 63 g 7"*
o _ 2/ Z
Vial LS-06 tare/ é. // 1 7—- Vial plus sample weight %ample removed wj/ agls
o Zad

The sample is ready to be transferred to the CUF for filtration tests.

5.3 Preparation for Crossflow Filtration Tests

The CUF test matrix is shown below in Table 1. This is a modification of the test matrix used for
previous RPP tests at both Battelle and SRTC. Four additional test conditions were added at higher
and lower crossflow velocity and transmembrane pressure. In addition because of the strong time
dependence on flux rate, the first condition will be run for three hours before proceeding to the next
test conditions, and repeated at the middle and end of the matrix.

As part of the CUF installation and shakedown testing, the clean water flux was determined for the
CUF at pressures of 10, 20 and 30 psi. These tests will not be conducted again, but the waste will be
transferred into the CUF and testing start at test condition 1.

Follow the Operating Procedure for the CUF (TPR-RPP-WTP-058). Make sure that “0.0 Prestart” has
been completed.
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Proceed to “1.0 Start-Up” and check that valves are in the correct position before pouring waste into
the resorvoir. Record the weight of the beaker and waste. Swirl/mix the waste slurry thoroughly
before transferring to the CUF slurry reservior. There will be some solids left in the flask but try to
minimize these by swirling the flask during the transfer of the final small volumes of wastes. If
excessive solids remain, consult with the cognizant scientist/engineer or task leader on recovering
these solids. A small amount of supernate could be pipetted from the slurry reservoir to wash these

solids out of the flask. Record the method of recovery on this test instruction or in the LRB. "

e n
(77044 - 76%.04 = ZADFET Fer
Record the weights of waste and beaker.

Vessel and treated waste l' ﬁ "3 . ?O g

Empty vessel __770:¢( ¢ Weight transferred to CUF _/ / 2 3 “G%
Record the level in the slurry reservoir sight glass if visible. : j / Q7’ A grems v ; ;A
% [0 [T gromm 2351550
%, ¢ .
Height (7L q inches - G50 7¢ 22,972 9 S AVOsL
22,4719 V= pacs leg
5.4 CUF Operation: Sr/TRU Precipitate Removal Test Sarp

12164097 G20

5.4.1 Tum on the heat exchanger following “2.0 Operation of Heat Exchanger.” Conduct the “3.0
Operation during Ultrafilter Recycle Mode” operations in Operating Procedure using the conditions :/27 L3¢
below in Table 1. Filtrate flow rate should be monitored and data collected as specified in the
operating procedure. After each condition, the test scientist/engineer should initial and date the table MVW 57(]
below. Back pulse between test conditions, “6.0 Back Pulsing.” If no filtrate flow occurs or the ' 71;
filtrate flow is less than 10 mL/min, discontinue testing, back pulse, and move to the next cor_;ﬁiti&g._(_g"l"f79

—— ey TIILET 000 v
Collect a filtrate sample at 30 minutes into the testing for the conditions specified using the f‘fltratlon
collect sample valve, “9.0 Filtrate Sampliing.” Record the weight of filtrate collected.

Table 1. Test Matrix for CUF Filtration Tests Metea NATA CUE Irfar +od 1092
é/bsfw* (1
Velocity | Flowrate TMP Sample | Sample Initial/Date
Condition | (ft/sec) (gpm) (psig) ID # Weight Completion
NS 11 3.8 40 LS-07 | 3.7 LN g0l
N 11 3.8 40 LS-08 | 4254 AN 5.9-01t :
R 11 3.8 40 1S09 | 350 A\ 57-00 x\f
7 iz 9 3.1 30 NMene Ven 2 ///ﬁ .5""'0( \&*
_ ‘/5 13 4.5 30 /1/1’)7{ V:n e / ] -1 -0\ 5_}1/— C,o\‘L
N3 13 4.5 50 cs=r¢, . 259 QUAL $-7-0 - Jo ide
X7 9 3.1 50 ESHOL) — M Shp wes elminabed Per FEHZ
3 V8 11 3.8 40 Wone |rwmw | 5-7-0 X
9 7 2.4 40 None |t/ | QL S-7-01 2037 LN
(D) 15 5.2 40 Nowe | Ve (DA S5-7-01 - \‘s#\\\‘
11 11 3.8 20 Ve | e Q&L 5-7-00 &
12 11 3.8 60 Ve [ WVoe |45 5.9-0( <
13 11 3.8 40 LS-11 23,7, "2 5-8-0 |
Dewater | TBD TBD TBD EH2 | =" [yolawme oo [ow 4o )
ID‘\V\&CZ‘\':V‘%S‘?QM; leo he Nnwmloer %w‘ §coouter o g4t L Locetc

e | wice 45 Hov
WES ob/}*gva:i"é% )Mé@%‘ﬂ/’g [I:,&j'wva JAfw'rmv\y
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5.4.2 Conduct dewatering in the CUF, “4.0 Operation during Ultrafilter Dewatering Mode.” Conduct
dewatering using the preferred CUF conditions, identified by examining the data from the test matrix.
Collect the filtrate in the tared bottle labeled “AN-102/C-104 CUF Filtrate.” Back pulse if necessary
to keep filtrate flux to acceptable levels, but the starting volume is so small that it should take less than

30 minutes to reduced the volume to the CUF limiting capacity of ~750 mL. Additional dewatering
will be done using deadend filtration.

o Lo
Tare weight of AN-107/C-104 CUF Filtrate MUO/K ()@R\XZ/ y@oz C“;WU( n ZM C

17 3 rWWelght of CUF Filtrate I\/V‘ém%\
L

5.4.3 Turn off the pl?f/np and proceed to draining procedure.

5.5 Draining the Dewatered Slurry from the CUF /@O
/\) o done ™ i

5.5.1 Tare the 1 liter bottle labeled,

§rte S e
—Weight of bottle and lid v g + éLOS M//ﬁ/

5.5.2 Conduct the “12.0 Draining the system” operation. Collect slurry in 1 liter bottle. Make sure as
much materials as possible has been collected. This material will be further dewatered using a
de%c\lé’l ter ynit. Welgh bottle after all slurry has been removed from the CUF.

Bottle and filtrate |

l el
Weight of slurry, bottle and lid l I 7 0 17
Weight of material collected " Jo 7343 g

If the CUF appears to be holding up excessive slurry, try increasing the recovery by the addition of two
50-mL volume of stabilized water (0.01M NaOH). Record welght of water added, and weight of any
additional material recovered. .

¥

NOTE: Proceed with rinsing the CUF and conduct 5. \Z Dewatering using a Deadend Filtration Unit
when time allows. The deadend filtration can start as soon as the initial rinse of the CUF is completed.

Nof squed = ey (if¥le Sarste Vemdard
5.5.3 Conduct the “10.0 Rinsing the system” o;ﬁ;’l The first rinse should be done with 1 liter of T
stabilized water. This liquid should be collected and savgd in the container labeled “AN-102/C-104 <Y “.
CUF First Rinse.” The second rinse should be done wit 2 liters of filtered, stabilized water, and the W
final rinse with 1 liter filtered, stabilized water. The second and third rinses should be collected
separately from the first in the alkaline rinse storage container. C X s{(

NOTE: Once the CUF has been rinsed you may proceed to Section 5. t? and come back and complete
the CUF cleanup later.
N Lkt dMonge - R TG0

5.5.4 Perform “1.0 Start-Up” operations with 1.0 liter of filtered, stabilized water.

5.5.5 Perform “6.0 Back pulsing” operations.



TI-RPP-WTP-073 Rev. 0
Page 10 of 15

5.5.6 Determine the clean water flux at 20 psid transmembrane pressure and crossflow velocity of 11
ft/sec (flow rate of 3.8 GPM) following “3.0 Operation during Ultrafilter Recycle Mode” operations.
Filtrate flow rate should be monitored and data collected in the operating procedure. Data should be
collected for at least 20 minutes and the system should be back pulsed.

5.5.7 Compare final water flux data to initial clean water flux. The cognizant scientist/engineer will
determine if Cleaning system with In-line filter (11.0) should be conducted. If in-line cleaning is
performed, repeat step 5.5.6 to determine the clean water flux. Compare results to initial clean water
data and determine if additional cleaning is needed. Shut off the system and conduct the “10.0
Draining the system” operation as needed.

5.5.8 Conduct the acid wash of the CUF unit with 1M HNO3/0.1-0.2M Citric Acid as described in the
CUF operating procedure (10.0) if needed to regain clean water flux. Consult the Task Manager if
acid cleaning is necessary. When drained, the acidic solution should be placed in a separate container.

5.5.9 The CUF should be drained according to “12.0 Draining the systém” operation and rinsed at
least 3 times with filtered, distilled water to bring the pH back up to neutral. The acidic solutions
should be placed in a separate container from the alkaline ones.

5.5.10 Perform “1.0 Start-Up” operations with 1.0 liter of filtered, distilled water,

5.5.11 Conduct the “3.0 Operation during Ultrafilter Recycle Mode” operations using the conditions
below in Table 2. Filtrate flow rate should be monitored and data collected in the operating procedure.
Each test should be performed for only 20 minutes and the system should be back pulsed. After each
condition, the test engineer should initial and date the table below.

Table 2. Conditions for Clean Water Flux Measurement.

Velocity Flowrate Transmembrane | Initial and date when
Condition (ft/sec) (gpm) Pressure (psig) ~complete
1 11 3.8 10 1 s5SE-Of
2 11 3.8 20 T\ 5-¢-0f
3 11 3.8 30 (73 5 -s-ol

5.5.12 Shut off the system and conduct “12.0 Draining the system,” “13.0 Shutting Down,” and “14.0

Tay Up ™) nsc doe - “omelpfit §9-O | _
_’Q A o &%(ﬁmfﬁ@mgﬂﬁﬁ"f%%
5.6 Dewatering with the Deadend Filter Unit Qeps O o dﬂu\’ 0, L
bt sloaded Wy [00 ayts
5.6.1 Tare the 1-L receiver bottle/lid and filter assembly/lid of the filtration unit. W % y

Tare of receiver bottle and lid / 8 5/‘74 and haze C/ZﬂM«/fA/ Js 20| 6

Tare of the filter assembly and lid _gs, l"’)‘ sl

5.6.2 Assemble 1-L filtration unit and filter all of slurry in bottle labeled “CUF Dewatered Slurry.”
Solids should have settled on setting. Decant most of the supernate from the bottle and filter. The
supernate should filter quite fast. When approximately half the material has been filtered, swirl the

+o S Umt
alled i ogdo 5!
QA
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bottle to suspend the solids. Continue filtering the slurry. If excessive solids remain in the bottom of
the bottle, small amounts of filtrate can be used to rinse the solids from the bottle. Record weight of

empty bottle. Filter the solids until compacted on filter and no free liquid remains. Disassemble filter
unit and weigh

Tare of receiver bottle/lid and filtrate | 291 4% Weight of filtrate Ol3 b(l
Tare of the filter assembly/lid and wet solids Suw« ef- > £ HUWelght of wet solids _ 4/, 739 ; ¥ See

34.3¢9F 2.87+ 7720 = 4Y4.93d g LRB 3737
5.6.3 The two 1-L bottles of filtrate, CUF filtrate and the deadend filtrate _ﬂmﬂd—b&combmed to  paye 7 d (k3
make a composite filtrate. Take duplicate 10-mL samples of the filtrate comp051te Record 179°
weight of each filtrate and vial used. Vo cue Filt: 2l

Vial LS-12 tare weight /6%70 Vial and sample 2 il@ 2 Sample weight / 2'/5 (”} Lt
Vial LS-13 tare weight /«é 72 / Vial and sample 7 f 0 Z ESample weight /2 ¢ / S 7 fapmre’

5.7 Sr/TRU Solids Washing G
Note: Additional filter units should be available because the filters may plug during washing.

5.7.1 The St/TRU solids are to be washed with three equal volumes of stabilized water (0.01M
NaOH). Place the filter assembly containing wet solids on a tared receiver flask labeled wash solution.
Estimate the volume of solids on the filter. Use 3 times the solids volume of wash solution but not
more then 50 mL. Tare a 50 mL graduated cylinder. Add the volume of water. Record the weight.
With the vacuum turned off, pour the wash water on to the wet solids, record weight of empty
graduated cylinder. Allow the solids to rewet for an hour before turning the vacuum on. Then filter
the solids until compacted on the filter and no free liquid remains.

Tare of filter unit & ¢ ¢ 1 t‘é Lco [C 47 ((’Léj
was / oo d et H
Tare of receiver bottle and lid EZ tz Q L F héoe (;ZfﬂflrIP/ 4 L e
Q’J) k, VE
A el N
5.7.2 First Wash (Wash 1) L poyts 2° (7 7 o

Tare graduated cylinder  7V- g5 -l-gO mL of wash / welght of wash AT~ 7¢ ? .

5.7.3 Repeat 5.7.2 for second wash and record weights. (Wash 2)
0 an o 3014
Tare graduated cylinder / / +77 UmL of wash / weight of wash . 3/

v

5.7.4 Repeat 5.7.2 for third Wasvt‘} and record weights. (Wash 3) 0 w
A

L
Tare graduated cylinder / +SDmL of wash / weight of wash & 9 ﬁ ‘ g (a/
Tare of receiver bottle/lid and wash v / Total Weight of 3 washes ?c? .3 B‘X/

ks
. . W . . D 2
Tare of the filter assembly/lid and washed solids j / Weight of washed solids #
4 /T

nce ley Coot~



TI-RPP-WTP-073 Rev. 0
Page 12 of 15

20 ',,/)& gf/me Vil 45 LS-1 ’+
5.7.5 Using a pipette, transfer approximately J0 mL of the wash solution to a vial. Record the weight
and sample number in Data Sheet 3 for the composite wash sample. This sample will be used for

chemical and radiochemical analyses. ’f visk 16 510 ﬁ/ Zan PQZ\M‘ ?Mf ——M ramw”

5.7.6 Tare a jar and transfer the wet goh’ds 01‘1t o@&i&ssembly Record the weight of wet solids

in the jar and the weight of the filter assembly after the solids have been removed Transfer a small

amount of solids to SAL for percent moisture determination. Dry the sn ample of solids for at

least 24 hours at 105 °C and record the weight of dry solids. Transfer / am of solids to a20 mL vial
for chemteatanalyses. Record vial number and weight on Data Sheef 3 or analytical data sample )LMM

sheet. &n2vgstits WV(C’{ — e Y L w(S- 15 Tone vial __16-752 G llﬂj

‘VIL 29

Tare Jar ’LCI 4@0 Jar plus wet solids | g] / Uf 4 Weight of wet sohds 17. LD Qlfﬂ'ffW
Jar and dry solids weight $Sold Mot Amount of dry’solids € cteal jav ot
dut 2 & colids nMetdeied

The remaining wet sohds should be covered with water if they need to be stored for an extended period
of time. d,{ka lansrad enlysce oot Lo Conplilpds W

5.7.7 Retain all filtrate, wash solution, and solids for future testing. Estimate if solids quantity is large
enough to conduct all of the necessary energetics and gas generation testing. Consult with the RPP-
WTP contractor for prioritization of the limited solids.

WAY 6“"’ Tere 129 ‘/5‘73(

5.9 Experimental Clean Up and Sample Disposition. o) Sur

Clean up all of the equipment used.

Do not discard any samples without written instructions from the task manager. Duplicate samples
were collected at all sampling points, but only primary samples submitted for analyses. The duplicates
are to be retained until review of the analytical data is completed and notification is writing is received
to dispose of these samples. The alkaline and acid CUF wash solutions should be disposed of

properly.
6.0 Sample Analysis

Follow ASR instruction for sample preparation and distribution. Note that an additional sample
will need to be collected for [OH] measurement by autotitration (do not add acid to these samples,
PNL-ALO-101). All subsequent sample dilution to achieve instrument or ALARA conditions are
to be recorded noting both volume and mass. The data for preparation of the samples for analyses
shall be recorded in a table format, or on an analytical lab data sheet.

6.1 Chemical and Radiochemical Analysis

Table 3 below shows the sample analysis list. The table lists the analyses to be performed on
samples generated from this test instruction. Samples will be acid digested for ICP and
radiochemical analyses. TOC/TIC, anions, and hydroxide determinations are to be performed on
the samples as received. All of the collected samples are to be analyzed in duplicate. The samples
are to be batched and submitted to the analytical labs. An Analytical Services Request (ASR) will
be completed by the cognizant scientist/task leader and submitted to the CMC.



Table 3. Samples and Their Required Analyses

TI-RPP-WTP-073 Rev. 0
Page 13 of 15

Sample # volume type action analytes time, hrs Comments
LS-01 5 slurry icp/Sr/alpha 0 starting solution, baseline for
decontamination calculations
LS-02 5 slurry  filterimmed icp/Sr/alpha 0.5  right after Sr addition complete, before Mn
added, 30 minute is stir time
LS-03 5 slurry  filter immed icp/Sr/alpha 1 right after the Mn addition completed.
L.S-04 5 slurry filter immed icp/Sr/alpha 2 after 1 hour of digesting ppt
LS-05 5 slurry  filterimmed icp/Sr/alpha 3 after 2 hours of digesting ppt
LS-06 5 slurry filter immed icp/Sr/alpha 6 at completion of digest.
LS-07 5 filtrate icp/Srialpha  0.5* 30 minutes of CUF operation, mid point of
first filtration condition
LS-08 5 filtrate icp/Sr/alpha  1.5* midpoint of second filtration condition, 1.5
hours of CUF
LS-09 5 filtrate icp/Srfalpha 2.5  midpoint of third filtration condition, 2.5
hours of CUF operation
LS-10 5 filtrate icp/Sr/alpha  6.5*  midpoint of seventh filtration condition, 6.5
hours of CUF operation
LS-11 5 filtrate icp/Srfalpha 13+  pull one sample during CUF dewatering
LS-12 10 filtrate all combined CUF and deadend filtrate
comp
LS-13 10 filtrate all combined CUF and deadend filtrate
comp
LS-14 10 Wash all Combined solids wash solution
LS-15 5¢g solids all Washed solids, to dry and fuse for
analyses
(a) Descriptions of analyses are contained in Table 4.
Table 4. Description of Analyses
Constituent Analysis Method PNNL Procedure No.
Acid digestion for Am-241, PNL-ALO-101

Sr-90 and ICP

Strontium-90

Separations and Beta Counting

PNL-CMC-476/408

Americium-241 (Cm)

Separation, plating and AEA

PNL-CMC-417, 496 422

Hydroxide EPA SW-846 Modified Method, | PNL-ALO-228
310(3)
Na and total Sr (report all ICP-AES PNL-ALO-211/280

ICP metal listed in Table 5)

Table 5. Minimum Reportable Quantities for Liquid Samples (supernatant/filtrate).

Analyte

Minimum Reportable Quantity (ug/mL)
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Analyte Minimum Reportable Quantity (pug/mL)
Al 7.5E+01
Ba ' 2.3E+00
Ca 1.5E+02
Cd 7.5E+00
Cr 1.5E+01
Cs 1.5E+00
Fe 1.5E+02
K 7.5E+01
La 3.5E+01
Mg 3.0E+02
Na 7.5 E+01
Ni 3.0E+01
Sr 8.7E+01
MAm 7.2E-04 pCi/mL- ¥
*Sr 1.5B-01 pCi/mL
__| Total Alpha AEA counting ] Q/?\
.).) é Anions IC t'j
/Sr TIC/TOC
&V \yy T om 0.05M

7.0 Important Information

Estimated density of AN-102/C-104 feed = estimated 1.26 g/mL

8.0 References

Reynolds, Dan. 2001. River Protection Project — Waste Treatment Plant Test Specification for St/TRU Removal
and Ultrafiltration of AN-102/C-104 Waste Blend, TSP-W375-01-00003, January 31, 2001, CH2M Hill
Hanford Group, Inc.

9.0 Attachments

Calculations
Reagent Prep Sheet

|
\
P 6.0E+02
Pb 3.0E+02



Calculations

Waste volume after three 25 mL bottle wash and 5 mL removed 1000 mL
Target concentration for final treated waste is 0.02M in both Sr and Mn
Use 1M solutions of both Sr(NO3)2 and NaMnO4

20.8 mL of each reagent

final waste volume = 1041 mL of ppted waste

Test# | Velcoity Velocity flow rate [flow rate
ft/sec m/sec Liter/min | gal/min

1 11 5.20 14.33 | 3.79

2 11 5.20 14.33 | 3.79

3 11 5.20 14.33 | 3.79

4 9 4.25 11.73 | 3.10

5 13 6.14 16.94 | 4.47

6 13 6.14 16.94 | 4.47

7 9 4.25 11.73 | 3.10

8 11 5.20 14.33 | 3.79

9 7 3.31 9.12 | 2.41

10 15 7.09 19.54 | 5.16

11 11 5.20 14.33 | 3.79

12 11 5.20 14.33 | 3.79

13 11 5.20 14.33 | 3.79

Dewater| TBD TBD TBD TBD
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Data Sheet 1: Operating Data el ('%J ;;,>
Date: DS - o9 -0/
Tank Number: A1 T kd LWATSZ
Filter: Nl &
Test Conditions: 20 psi, zops L R0ps. ~3. ‘5 .
Operator: R T
Test Engineer: D  Toae /esph i . <5 7
SetPtof o C 9l EH p3: P wd n. - ﬂ_/;ﬁ rackss
Test Chiller | " slurry | Slurry loop| Filter Outlet [Permeate | Filter Inlet Filtrate Flowrate Tank
Time No. | Time | Jemp. | Temp. Flowrate Pressure | Pressure | Pressure | Volume | Time [Flowrate Level Comments
ol | |20 | 2v.y 3.4 /0. O 2.0 “omt (1109 | 0.58 |8.25
/0 i723 | 270 | 25. 9 E Jo. ! C /L Yoml (12701 O.57 -
20 /733 [R50 |[24.0 | 3.4 /0.5 o | /2 doml | 1115 | 0.53 —
ol 2 |¢gso|26S | 255 | 3.7 /5. 7 O 22 ot {0£39] /.78 —~
/0 /Y00 | RS0 | 27 3.7 20.5 O 22 Yo 0.2 | /0S5 -
20 /8/0 1250 | .20/ 3.7 206. ¢ O 23 YOul (O3] .73 —
ol 3 [/820]20.0122.8 | 3 7 | oy o |32 Yowl |0:27| 1.98 | —
/0 /830126 0]12¢. 7 | 3.9 29. 7 O | 3 YOw) 10! 27| 1. 48 —
20 /90| of | 25.3 | 3.9 29 6 O 3/ 9y 301792 |88 |RusRrvars. © 38,,.
s 4
gqté}ﬂa/sza” 4 Séq_/ 5 5 Fean 5//&4‘/:4 .
é}/éﬂf -~ o0

N




Data Sheet 1: Operating Data

S-7-01 e
Date: SR IR frece. Sands <
Tank Number: v Al
(554‘9"" Filter: O em PPt 75t [eryfy TH" T (f \Ar“ v /{)
_Test Conditions: __4s Gael e oZis q) \)"h w"M 97
A b=* Operator: Hatsiee.? . 0\ Ml 2
,70*’" m'{V- y“j Test Engineer: (—‘,ee.h.,:\) / f /‘v\ r
Ty _ ikl . me e % %
Test Chiller | Slurry |Slurry loop| Filter Outlet |Permeate | Filter Inlet Filtrate Flowrate Tank
L) No. | Time | Temp. | Temp. Flowrate Pressure | Pressure | Pressure | Volume | Time |Flowrate Level ’ - Comments
ol ] s 212 | 34 | Ase o A2 | Jom | Y8l 0635 | JHY [ gebns Lre thancise FEFS
/o | 1 {115 2359 378 F¥.1 o 42 Jome | 52-61o.77¢( Fiendia Coe, Towh b
20\ 1 ias 2%-1 3.7 3 3725 o 1.5 | Ymi | 513 | 09 heY Set po.nk
30 | [/ |ires 227 | 39 31§ 2 Y 190 160 | 0.66 TOH Semple Tiner N 2o (I
o | ¢ lt3s 203 |39 3¢ c? 39 1Yo  |p#3| 059 ’
56 | /|15 5L | 3.5¢ | 371 © | Y3 o |630] 0.63
bo | I |yr:sv A53970 | T.50 | WO 30 Ul rya| 70 |66 | 0.6t
/202 Baci ,ﬂu/&ﬂ /"m_i!-a,oulscg Lot/ /:hrq/ B ,mlsc 4%14
¢ |i2:03 2% | 3.1 | 37-¢ o 4] | Som| Yoo | £25 | 99" £yxper =34 bl
e | 2 |izas 27.% | 3.4 | 3%-0 @) 42— | Yo 5.3 p.X O3l Voloms gl
20| & 12723 x3, (| 290 | 28> | O 43 140 lea\| O P 9% Tl
- % |2 |12:337 24| 3.8 | 29,5 | O Y- | 94o 182 |6.9Y Hrn 5 _cor eadeed smant,
fo | 2 |\ 2277 | 3$1 | 3¢ o 7] Yi Yo 622 6.59
g |2 |3 24.2 | 3% | 35.9 o |42 | yo [73.5] @.5M
|2 |13 oL | 2% | 326 O | Y/ Yo |10 | g4y
- 2
19 Beece pilgedl - (Two Inwl&s goth 1 BN ] G Bulse o)
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Tank Number:
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Data Sheet 1: Operating Data

Anv-101

SA/TRY  Prec -2 AT

/‘4]( —4_-_0-}— e

Filter: D) s A Dk Jemott < . I TO
Test Conditions: , AS Indkiadsch
Operator: /—é-; ! Sk;/
Test Engineer: Heetivg
1/ frx *C ﬁ‘(m -@5\7 N 731 m‘—_ Sec  mcfpec
Test Chiller | Slurry [Slurry loop| Filter Outlet |Permeate | Filter Inlet Filtrate Flowrate Tank
__N_o. Time | Temp. Temp. Flowrate Pressure | Pressure Pressure Volume | Time |Flowrate Level Comments
3 /00 25 |37 | 373 O WEESYl | Jo |383 | [.eod
3 |20 and_| 3.5\ 3¢.2 o q2 Yo 1527 &.69
3 |30 514y | 239 | 3.7M 32,3 o 4/ Yo 7.1 | 0.5
3 livo [2956 | 203 | 323 3%.0 4 1 Yo | p33 | 9K
3 |iigo Wt/ 2l 252 | 390 | 3%-1 O Y2 Jo | L] ©.90
3 |2eo [@¥/ju] K.t | 373 374 © 4/] Yo 711 10.50
3 [2u0 [M3139 220 | 35¢ |/ 7399 o | 4z Yoz0 [ 4ne | 0.4l
2:2°% | DPeckoolset -
202 21.3 | 32 32 33 20 [2¢a| e.77
§ 12237 |Rdfzo | Qut | 304 255 o 3\ 2 |yt | p 30
4y lzw J$I | 39« 50, ) 32 Ao 3.2 | 0.5y
Y |52 |89 foe| F0.5 2 0¢ aw-5” 0 3y a0 Yo | B.40
4 |31 224 | 3.09 2%.0 o 3| Jdo Yq.a | o.4o
(30 [l [ 253 | 3.23 3).4 O 35 2s  |44.2
d 300 |8hslas | 360 291 0 31 Jo_ £5.¢
BM, V\s-—ﬂ [zd] (720‘ Pulbes o | Rl o] 5 “‘1/"/‘(” Chonéd»() P
5 334 ifed 958 | 4.4 25.2 0 33 | Yo |1 19nckputge = (lrsed P i
s |29 |63jeq | auL | 44l Q1% o 35 ldo |78 ettt Wy - oL 2
= 359 [Bys.i| 20 [ @09 O 3 20 |42.8|0.97 o  befoe o
5 |40y 139032 292 | w32 2.5 &) 3¢ 20 [1g.9[0.3% T
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Data Sheet 1: Operating Data

Date: Z - 7-o1
Tank Number: AN -r02  S-[TRy Frecspifate |
Filter: Ofptitn sM4F 2Lt Lewytn x 35 TO
Test Conditions: 4. Tivlcofed
Operator: D. Rirncbya
Test Engineer: feSp .
° i1 faut A%\ZI s gp i 5 Pt po ml sec ”‘[/5
Test @ Chiller | Slurry |{Slurry loop| Filter Outlet [Permeate | Filter Inlet Filtrate Flowrate Tank
No. | Time | Temp. | Temp. Flowrate Pressure | Pressure | Pressure | Volume | Time |Flowrate Level Comments
qo| S5 |Yd¢ |wene| 261 4,5 28.9 [ 33 20 |40.9 | 90.99
sol 5 |42y |F3/25| 2t9 | 4.5 29 .0 O 32 20 | 469]0.93
ool 5 (439 mefio] 227 | 4.8 | 28y 0 33 20 |755]0.79
{50 oo lise s
ol & [1:s3P>6gl 2v2 | 3.2 493 o So 4o |28 ©. 9% BorPressure @ maio e
/v b |S:03 0%9 2.2 53 949. 7 O 52 20 3723 g9.57 Prap incapable < P birhe- %
ol & |$3 BY5o] 20.5 3.3 50, 0 O Sz | 20 |38.9 |0 S Clow (2 S0P iy, Auae b0
30| ¢ |5:23 425, 250 3.3 49,3 o s 2 Lo 9457 | 0.7¢ O3 horhes fiom, taFires 0.
wo| ¢ |5:33(79457] 23.3 3.3 99. ¢ @) 53 20 |4rol0.¥3 fow scmple Volema o
sof ¢ |S:93 |2 | 222 3.3 SO ( o 5 20 |5.¢g|0-39? ol
tof v | S:5&|2 5| 453 3.3 IZXEs o 52 20 |s¢.2] 0.37 Toule Scople £500 7
6:1(/( A»L/_SC, G e T S50 munates Lo ru-tG
ol _7 \\ | — Rui 7 Paccmefers @%
ol 7 — so_closely malzbed
20| 7 il whaf was achisvably
30| 7 s{ o Rua ¥, 1
yo| 7 wis rfecmined fo be
so| 7 ] e esas Lo reepew [
o[ 7 tte_coodsfton poranbly
LBack puls e for o A bow s
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Faye 7
Data Sheet 1: Operating Data
Date: ST Of
Tank Number: A-/02 S /TRY Precipitate
Filter: O/t Klolt 2 £ Leas o x 7670
Test Conditions: 4 Tulicates
Operator: Do Rpore bot
Test Engineer: Dave Taclson .
‘C oC. g P Pz Py P md See mﬂ/5
Test Chiller | Slurry |Slurry loopj Filter Outlet [Permeate | Filter Inlet Filtrate Flowrate Tank
No. | Time | Temp. Temp. Flowrate Pressure | Pressure | Pressure | Volume | Time |Flowrate Level Comments
B 180 |24 22.7 | 3.4 32 3 O |« 20 259 0. 79
¢ 178/9 [22v9]| a5 2.9 39./ O Y2 20 | 402 ]0.50 A 1o of 55 lesling drs,
g /829 |225,] 256 | 3.7 29,9 O ¥2 20 |39.2] 0.5/ Wo 5plos s
G | /939 17343 259 3 G 8.5 o o 2 20 Y35 0.7¢ Al Splashong
g 118191489 2.5 | 3. @ 38.0 O 43 20 (993 | o9/
B /sy [M¥s 243 | 3.6 39.5 O 43 20 [4¢1 | 0.3
O /909 B8535 ac.8 | 3.7 ?9.5 ) ¥3 20 |45.3 [6.94
1929 [Becl Al « ~Thoice - B
g /93, |2o| 256 | 2. ¢ 38./ O ZZ 20 /55 [ /.03
9 |91 " w3| 23.2 | 29 39.9 O 42 | 2C [sts | 0.39 (Splashin, nu7bs3Tub e
9 Tios7 o¥/us| 201 2.5 q1.3 ) 9y 20 |eSC| p.30 C dithicelr #oreasd
G 2007 N7/04 | 23.¢ 2.5 38.17 o Il | 20 |GR.G| 0.32 No splashing ~
9 [20i7 |&%n0] 250 | 2.6 47. 9 O =079 | 20 |57 | 0.3C PR
9 2027 |28/ 0} 20.8 | 2.5 4y, ( O ¥S 20 [68.7] 0.2¢ “oo-
7 2037 SYiog| 22.9 | 2.9 40. (» & &2 2o |70.3]| € 28 “@
205Y |Bac bpl lred Thoice 2 Beckpelses Reyf
0 2104220 22.3 | 2.6 755 | © 2 20 |2%7] 270l No 3plos b
ro |21y Yos/nol 2931 2.( 59,2 O “3 20 [43.8] 0. % W e
0 | 2129B:9/5d 220 | 3 ¢ 599 € 43 20 Y4.81 0. 7§ Splashing - heed o veud
/0 [213% P75 240 ] 3. @ Yo, 2_ 0 43 20 [3o0.0] o0 .40
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Data Sheet 1: Operating Data

Date: S_7-0l
Tank Number: _pw-/05 S/ 7Ry Fecpibhe
Filter: O, (it LUpct 2fL fensts S 24
Test Conditions: &5 ulicoted
Operator: Do L re feast
Test Engineer: Qpe o Tacksa,
Test Chiller | Slurry [Slurry loop| Filter Outlet |[Permeate | Filter Inlet Filtrate Flowrate Tank
No. | Time | Temp. Temp. Flowrate Pressure | Pressure | Pressure | Volume | Time |Flowrate Level Comments
wo| 10 1219700544 22.4 2.9 40.3 O 43 20 830 |o.3a Splasin - ol bo reap
sol /0 2157 |78 «5.3 | 3.7 7o 6 o ¢ 20 |So.0 | 0.4C Hard 4o Rews) = Splashsn,
e /0 2104 | Bp0| 25,7 | 3.7 40,7 O 7Y 20 |.83.2]0.30
222@ 8{(’(. /c %L /5 <
o t |2229 |B27q] 23.3 | 33 /8.7 C 22 | Zo |38.3|0.52 AF Spksbicy
ol (1 223912969 209 3.6 /8. o @) 2/ 20 628 0G.30 Ko Splest
20| w2299 03413l 203| 3.7 (9. ¢ o | 23 20 [e26]0.32 Wy Sokest,
ol o T2259[ %G, 23.7 | 3.9 20.5 o QY 20 |S8.3| 0.37 « .
vl (( |2305 "34.] 226 | 3.9 20.1 O 2y 20 |23 |0.230 wou
sof o 2309 lw2ss| w8 | 3.7 /9. / @) 29 20 (76.2 | 0. 2¢
ool | 232 (8% | 222 | 3.8 9.5 o 23 20 |8 |0 2¢
2370 Beck Pllse ’
ol 12 (23920342l 24. 2] 2.8 | Ge.2 | o | 62 20 |20.8 | 0. 92 o Splast
]l | B35207% e | 239 | 2.8 6l 3 o 6y 0 |527]09.38
20| ;2 (2902 [*%%, ;| 225 | 2.8 | &30 o s~ | 20 |88.¢| 059
1 e A 2va | 2% | (p %] 0 | 4 [ZO |43
ol e Lot Boky 272 2% | cLo | 0 | | 20 efid
A sol 1 (L9472 |4 5.3 '?' & 50.0 0 /-;Lf 20 lo4.9
col /- 44 ™% 23512 9 | bl 2 ° g4 129 17[.0
Back Abse - whished GV pher

bk pulse Chaw ber
C« (\Q/& Eaul GA' [ﬂ QJ/%L(;

boot?
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Data Sheet 1: CUF Operating Data
|05 e 57500

Date: 5-7-o , 5%z
Tank Number: AW -102 Se /TR Prec:a, /,.;lc /\/yC z ,
\.(,f A 64 Test Conditions: 4, 7.0 . 4./ v NoTe )
g\ Operator: Do+ st 2&7@/ SAMPLE BT ~ 3D mimutes

Test Engineer: Naw e S

. £ lher g .
Test Chiller | Slurry |Slurry loop| Permigzte |Filter Inlet Filtrate Flowrate
No. Temp. | Temp. | Flowrate | Pressure | Pressure |Volume| Time |Flowrate |Tank Level Comments

ol 13 2503 |M2¥ |24 | 3¢5 |36 b|y2 [20 | 268
w| 3 283 |34 | 280] 296 | 26,9 | 40 |20 |435
a0 /3 |2BAxPP/59 | 245 3.%0 | 372.0 | Y2 | zD |52, 2 |
3 8 loszs Jotha o35 | 3.9 |a¢q | ¥3 |20 |54F tolee sompla
w iz |256943|")pglaz) | 3.7 | 37,7 | 4] 70 1439
so| 3 2558 ¢k 3 [ 255 | 7.7 | 37,2 | Y2 |20 |406s
ol 3 |2603 %0, [252] 3,75 |379 | 42 |20 |63.0
Bﬂc(égﬂulﬁ-( l«u:_,ﬁmj deann

AN

™

AN
AN




Data Sheet 1: CUF Operating Data

Date: (5155"-0/

Tank Number: .

Test Conditions:  Clecw v, Clx (.01 (Nao W)

Operator: He\s dee

Test Engineer: Gertrom {519

pm oot fralet mC .
Test Chiller | Slurry Slur@ loop| Permeate [Filter Inlet Filtrate Flowrate o
No. | Time | Temp. | Temp. | Flowrate | Pressure | Pressure [Volume| Time [Flowrate [Tank Level Comments
O |clez. | §:35 299 | 37| O t.6/13 |Home |go25e| |48 4%
/0 Pye 233 | 3% C i1z Yo |32s%| .23
20 5% 24.2 | 3§t o  |livef1n |yo  |330 | |2\
a ¥ /4.0 L _

"?:o'l— Bcd(.iﬂu\&e/ Z‘t——-—%— O ﬁ’v‘q’,',l—f N 14 j#’—'ﬁﬁ u%‘\'
O Q03 26o| 252 o  |ew2fgr | do | 1o |2 %0
(o 913 270 | 350 21/z3 |90 |Ie |3.35
70 9:23 2471 27N O |ps/ay |9 |10

Q27 |Bncie g 15 126
o Ty 2Sx | D%z | O |t96[/52 |40 oy | %4
[0 T3¢ 224 | 3 506 22/3z [ Yo |y | 3.2
19 qug 4.4 | 594 2at/3e | Yo Md | am

\\
\
-
<
\\\\
N
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Tank Number
Filter

Data Sheet 3. Sample Log

"”M*

%

-

Test Conditions
(onkhos ® ’

Sample Number Date Time | Sample Type | Test Instruction Step| Tare Weight (g) | Total Mass (g) | Mass of Sample (g) Comments / | OperatorsJpitials
L 3-07 5-7-0l | {/:20 | permei / 231 Pormeash S/hllm} L /)
45~Q‘§’ 5-7-0i | y2:40 rnea § 5.4
£3-0 5901 | /792 rmea be 25-0 Touli Sempleonstes G @ BOmyty Q)4
L5-(0 §-7-0i :g'_fj’o Posrmeate & 25.Y ‘ v
Ls—1J1 5-4-0( | £9139| povacste [ % 12 Y

X

.

-




Test Number 5///W'Z(/( ZZI/WQ(/Q,( Q’P /’f’cfﬂj7\¢MT(’O75

Data Sheet 3: Sample Log

Tank Number ﬁM’/DZ/C’/Qﬁl gwa@ﬂ

—tave Shee/”

_outside ho 'LC@@(
Poliwce 3 G)-060/
SNN Y7l 2/20e291 3

Sample Number Date Time | Sample Type | Tare Weight (g) [ Total Mass (g) | Mass of Sample (g)| Operators Initials
LSO [6.92.99
(-0 (7.003Y4
LS-03 [b. 7977
LS-0¢ /L. 9697
LG-05 /6.92/0
(3-06 (6. 7[39
LS-07 [4.7/9¢%
L6-0§ /6.7(0F
LS 09 [6.9593
LS - /6. 7480
LS-1/ /6. 7863
LS -2 /L. 3697
LS-(3 /4.9 ¥ 2]
LS-14 /L.%115
LS5—(5 /L. 733Y
LS—/6 [6.7970
JAN S (V03), 9%$.%/6%
[4] N 1y 94.9733
(omivol, | 9.257]
(OmL Uol, 2 v 8.927%
450 L Wash lommEite bottle & =T
Wjoliy  129,9670
Prottle L4 [((2373
pr/@ﬁ £ Hev +olp v (ap 272282
~_ _




Treatment of AN-102/C-104 Blended waste at target 0.02M concentration

per liter of waste
1M Sr 0.021 Liter or 0.020 moles
1M MnO4 0.021 Liter or 0.020 moles

Balance number: VL/L('/74Q

Calibratio%date: 2_// 200 2

Al
Makeup Sr(NO3)2 solution 25 mL
use Sr(NO3)2
211.63 grams/mole (FW) (lot# 9949%7)
Tare 25 mL vol. flask 21, (.¢429 grams _
add 5.29075 grams Sr(NO3)2 to volumetric : + D, 272 3 grams
actual weight of Sr(NO3)2 added 5 2427% grams
fill to mark on volumetric i 9 2%,.82 3 Ograms
calculate density |5 g/mL
Tare bottle 98.9/6 Y arams
Label bottle with ID, add 21 mL of 1 M solution to bottle 2 ¢, 22// grams
«Eal"}z)(' a2l 1
Makeup NaMnO4 solution 25 mL Lot l u){@/ﬁ/" /23 D3 7(Jj
use NaMnO4.H20
159.94 grams/mole (FW) (lot #/}()1097590
Tare' 25 mL vol. flask 7599 grams
add - 3.9985 grams NaMnO4 to volumetrlc grams
actual weight of KMnO4 added 2, 9970drams
fill to matk on volumetric ¥ H29 7. 25 7%grams
calculate density [,090 g/mL
Tare bottle 99.97 23 grams
Label bottle with ID, add 21 mL of 1 M solution to bottle 22,9240 grams
vy 22,@0 twvy/
Date prepared: g’*( él{ M J ,
Prepared by: 5/04/0/ L bt WMM 12/ 9 %74

Work Package Number: \J 5779¢ 4 _—
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Title Test Instruction for In-Cell Shake down Testing of CUF.

Test Instruction: TI-RPP-WTP-077 Rev. 0
Date: 5/02/01.

Supporting Document: TRP-RPP-WTP-058, PNNL Operating Procedure for Ultrafiltration Testing.

Approved: W/
Author m Technical Reviewer /e /_d-5~— oZ~o0/

-
Materials 5 4 /

One sample vial

2 liters of 0.01 M NaOH

Pipettes

~20 mL of bleach (5% sodium hypochlorite)
Tank level vs. volume data

Rotometer calibration data

Stop watch

Instructions: The test engineer has the authority to make modifications to this test instruction. Any
deviations from the test plan should be noted and initialed.

1. Verify all fitti th ight. , 5
erify all fittings on the CUF are tig ) Db et use a cwremits /_ cliedl L*ﬂm/;

AN Y. , /
Verified complete @Mj’g’(// Any Issues: dud ['° d.ef: C“H"/ ”""“‘c“" Tn. /“’75’“/
J S/Ao Q gz/cl\ ol 1)L *o(lvec(c S A’//QD,A&( (J)OAG

2. Follow Prestart Instructions, Section 0.0. a) Gtep & - We nu/a’( fails o beew +o /aéc

da {fs A locw ‘ Fleoa
Verified complete@% S5-3-0/ Any Issues: Fileaame is Geetinl WBW - ‘/f’""é

3. Verify that the ?ﬁuteylowmeter, TC 1-4, RTD, and the PT are operating correctly.

/i Z‘L ’) /U(.u[/ Fe u(»[{} Aa(o/./(; on 13
/

Verified complete S-3- o/ Any Issues:
4. Follow Start-up Instructions 1.0. Use 2 liters of 0.01 M NaOH in step 1.6. Record mass or

volume of simulant added. .2 4. +--5 ) Meed fo aldd VIS L uso Fo 7 TAR - RPP-wip- o5 e
These ere celeds fonal f5e tafen valves on air >‘~£J,0')z leme
Verified complete @/4 S-3-0of Any Issues:) whe o Fs ot a botle For Stacry Mo Tonk Ao

5. Inspect all fittings for leaks (including the chiller lines). Note any that are not corrected.
de—*d 3 /eq/u - COV/ee f«/ Py #
Verified complete @//4/ §-37-v Any Issues:  ShLaf o ,-75/,,4 Ll abouf 20w/
6. Operate level indicator. Level = 8 875", Compare level with expected level. When complete

turn level indicator off. (Addd 2L Ay, o/ M Ll
Verified complete @///5" g Any Issues: /Zj T -

7. Turn on agitator. Verify that it can be controlled with variac.

i -
Verified complete A//’ S-3-of Any Issues: Mone

!



g4

8.’ Operate system in recycle mode IAW section 3.0. Run each condition for

A,
minutes. Back pulse

3~

before each run. Targeted conditions are indicated in the table below. Check for leaks. Record
data on Data sheet 1. (Note: Flux rate during cold testing at 20 psig was 186 mL/min [3.1

mL/sec] after 20 minutes of running.)

A"J‘,q-c: [

9. Run system in recycle mode IAW section 3.0. Run each condition for 10 minutes. Backpulsing is

not required.

10. Take a sample IAW section 7, 8, and 9. After each sample, dump contents back into slurry

reservoir.

Verified complete @% S-9-0/

Any Issues:

M
Jontn 5\—:92‘(;,\’\n % ol \
Condition Flowrate (gpm) TMP (psig)| T2 2| Initial/Date Completion Temf
I nas 3.8 10 /0 i) |(Qff $-03-vi 3.9 )
2 3.8 17 ZoRY G S-92-0 P —€
3 3.8 25 300 10V, 3-03-04 33.@ 3%296°%

¥ﬂ‘(s K (o;l(/j; L.‘,

Condition Flowrate (gpm) TMP (psig) Initial/Date Completion e o o
> 50 iz s-g-oy |t
: 2.2 40 OWF s-q-of | avm 7o
3 3.8 60 G4, o/ uea.,. :
Prusp
lrf‘-:;d z “-) o¢

DP,‘IA(#C' ANeeds I(u qul/( /‘ ,‘4‘///
Sl per ppetie,poedi gl o,

OLD ' ¢ Koo /5.'/3:’7.4/(_ /,fr(/( 7 714' /e
~TGHG .o - Tveersfo- [2i0 e Ues
Pl . L Leke J/’S Gt 263
«;% Verified complete_ (b 2 V& Any Issues: PpS -y 56w/ cad
12. Turn off Chiller IAW section 2.0. Run system at 3.8 gpm and 30 psig. Turn on heat tape. Put in
| @ setpoint of 40 C on the controller and let it heat up. Note time to heat up. Start /¢4 Stop
Y o /¢ SC.  After 40 C has been reached turn on chiller IAW section 2.0. Set the chiller set point
b to 25 C. Note time to cool back down to 25. Start /65¢ | Stop /705 . Control
temperature to 25 C. Note deviations from 25 C. _ i
m oS Set clifiem SPA Te 2>°C
Verified complete 2, (4 / S - 70/ AnyIssues: (@ 3 ¢ A # PO P zy
13. Shut system down in accordange with Section 13.
/ - Y-0/ / i
Verified complete @% 5= Any Issues: A/ o &

7/

T\) , p’ 14. If AN-102 testing is still scheduled within 1 week skip this step and proceed to step 14; otherwise
N lay up system IAW section 14.

Lo .
5 A Verified complete f/ / /;)/ Any Issues: /l/ / /3<

15. Copy computer file onto disk and verify that it was saving data properly.

Verified completeé) }é’% S- 4o

/6. Diain 37;7lt«/"e.' Sedion 12. 0

Any Issues:

Complete §)f 597
O = , 2

Jobn Hele disk 4o cleck A, L



Appendix B

Analytical Data Reports — Chemical
and Radiochemical Analyses



.qp. Project No. 42040
w< Ballelle
. . . Putting Technology To Work

Internal Distribution
File/LLB
Date November 14, 2002

To R. Hallen
From L. R. Greenwood /5{’/%

Subject Radiochemical Analyses for AN-102/C-104 Blend —
ASR 6107

Samples of the filtrates from tanks AN-102/C-104 blend were analyzed for gamma emitters, g,
"Tec, alpha/AEA, U, and Am/Cm according to ASR 6107. The samples were acid digested or fused
in the hot cells according to procedures PNL-ALO-128 or —115 and aliquots were delivered to the
laboratory for analysis. The acid digestions were performed in four different batches in the hot cells,
each batch having a separate process blank. The one solid sample, LS-16, was prepared in the hot
cells by KOH-KNO,; fusion. The attached reports list measured analyte acavities in the original
sample material in units of uCi/g. The reported errors (1-G) represent the total propagated error
including counting, dilution, yield, and calibration errors, as appropriate. Laboratory and process
blank values given with each analysis are the best indicators of the method detection limits, taking
into account the actual sample sizes and counting times used for each analysis.

Gamma Spectrometry

Sample aliquots were directly counted for gamma emitters according ro procedure PNL-ALO-450.
The samples were prepared in the hot cells in two batches, each having its own process blank, a%
indicated by the batch numbers on the data table. Since no sample preparation was involved in the
counting laboratory, no additional blanks or spikes were prepared for these analyses other than the
standard laboratory control samples and background counts. In order to meet the requested
detection limits, diluted aliquots of the hot cell preparations were counted for periods of 3 to 14
hours. All of the samples showed the presence of significant '”'Cs activity. Some of the samples
also showed the presence of “/Co, *'Eu, Eu, and *'Am. The MRQ values for extended counting
time GEA were met in all cases, and detection limits are listed in the tables. The hot cell process
blanks showed the presence of ICs: however, the activities were well below the 5% criteria
specified in the QA plan. Sample duplicates showed good repeatability with the exception of sample
LS-16 with a RPD value of 37% for “’Co and a mean difference (MD) of 2.23, well outside of the
required agreement of 20% for the RPD or 1.96 for the statistical MD test that takes into account
the uncertainties on the measurements. The reason for the large disagreement for this one isotope
(*"Cs and "*Eu results ate in acceptable agreement) is not known, but may suggest s
contamination or heterogeneity in the sampling in the hot cells. The actvites measured for *Am
are in good agreement with the Am/AEA results reported below for sample LS-16.

E54-1900-001 (8/9%)



R. Hallen
November 14, 2002
Page 2

Strontium-90

The St separation was performed according to PNL-ALO-476 and radiochemical yields were traced
with **Sr. The separated fractions were then beta-counted according to RPG-CMC-408 and gamma
counted according to PNL-ALO-450 (for *Sr determination and '"'Cs impurity assessment). The
samples were prepared in the hot cells in five batches and analyzed in two batches in the laboratory,
as shown by the batch numbers on the report for QA assessment. Some of the separated Sr
fractions contained a small amount of '”’Cs and a correction to the beta count rate was applied for
these samples in addition to the beta correction from Sr. In most cases, the "'Cs correction was
small (<1%) compared to the activity in the samples, except for sample L.S-14 where the correction
was 9%. The laboratory blank BLK-1006 for the first batch showed "Sr activity up to 15% of the
activity in the samples, higher than the QA criteria of 5% of the sample activity. However, the
uncertainty on the *’Sr activity in this lab blank is very high (33%) due to the very large ''Cs and ®Sr
beta corrections for this sample. Consequently, this lab blank for the first batch of samples is not
useable for assessing laboratory contamination and the hot cell process blanks should be used
instead. The blank BLK-1010 for the second laboratory batch as well as the five hot cell process
blanks did not show any significant (below the QC criteria 0f5%) *'Sr contamination. Sample
duplicates showed good repeatability in all cases except for sample LS-16 where the RPD value
slightly exceeded the QC value of 20% and the MD value exceeded the statistical level of 1.96., We
note that the duplicates for this sample also fail the RPD and MD tests for ”Tc and “'Co, suggesting
heterogeneity of these duplicates. The blank spike and matrix spike vields ranged from 97% to
104%. All of the samples showed the presence of *'Sr at levels that were significantly less than the
requested MRQ wvalues.

Total Uranium

Total uranium was measured in samples 1.S-12 to L.S-14 and LS-16 according to procedure PNNL-
ALO-4014 using Kinetic Phosphoresence Analysis (IKPA). The samples were prepared in two :
batches in the hot cells, as indicated by the batch number on the data report. Uranium was detected
in both the hot cell preparation blanks; however, the levels were well below the 5% criteria for
samples in each batch as specified in our QA plan. Sample duplicates and a lab replicate showed
good repeatability. Since the analyses were performed on the samples as received from the hot cells,
no sample spikes were required. LCS samples gave uranium results at 99% and 102% of the
expected values. All of the measured uranium values were well below the requested MRQ values.

Total Alpha with Alpha Energy Analysis

The samples were prepared in the hot cells in five separate batches and analyzed in the laboratory in
one batch for both total alpha activity and total alpha energy analysis. The total alpha actvity was
determined by direct plating small aliquots of the hot cell acid-digested or fused samples onto
planchets according to RPG-CMC-4001. The samples were then counted on Ludlum ZnS
scintillation detectors according to RPG-CMC-408. Alpha energy analyses were performed on all
samples according to procedure RPG-CMC-422.  Peaks were observed due to © "L7+137Np,
pu+2py, #*Pu+ Am, **Cm+*Cm, and **Cm. The sums of the individual alpha emitters are
generally in fair agreement with the total alpha data indicating minimal losses due to alpha self-
absorption. The RPD values exceed the QC criteria of 20% for duplicates of samples 1.S-01



R. Hallen
November 14, 2002
Page 3

(MCm), LS-02 (Z‘ECm), LS-04 (total alpha), LS-05 (243*2“Cm), LS-06 (total alpha), LS-07 (**Cm), LS-
08 (total alpha), LS-09 (**Cm), LS-10 (total alpha), and LS-11 (242Cm).. In almost all of these cases,
the data pass the mean difference statistical test (MD < 1.96 at the 95% confidence level) in our QA
plan indicating that the results are acceptable when the uncertainties are taken into account. The
sole exception is 243+244Cm for sample 1.S-05 where the MD value is 3.15. The reason for this
difference is not known. The sum of the alpha emitters is deemed to be more reliable than the total
alpha valuessince the total alpha measurements have higher statistical uncertainties and may suffer
from alpha absorption effects. The LCS and matrix spike recoveries were 102% and 105%,
respectively.

Most of the hot cell preparation blanks and the laboratory blank did not show any significant alpha
contamination. However, for the hot cell acid digestion batch containing samples L.S-01, LS-12, LS-
13, and LS-14, the process blank (labeled 01-1014PB) contained high alpha contamination relative to
the samples. The blank activity is acceptable at only 3% of the alpha activity in sample LS-01, but it
is not acceptable (> 5%) compared to the other samples. The alpha activity in the hot cell process
blank is 16% of that in sample LS-12, 23% of LS-13, and 115% of sample LS-14, such that these
data would not normally be acceptable. However, it should be pointed out that these sample
activities are well below the requested MRQ value of 0.23 uCi/ml, such that the data might be
acceptable to the project in spite of the additional uncertainty due to the high levels of alpha
contamination. The total alpha activity for this hot cell blank (01-1014PB) is only 30% of the sum
of the individual alpha emitters detected by AEA and the RPD value is 88%. Although the reason
for this disagreement is unknown, the alpha/AEA result is more reliable than the total alpha result
since the alpha/AEA sample was re-prepped from a fresh sample aliquot, and its counting data
agreed with the original alpha/AEA data.

Americium and Curium

The Am/Cm separations were performed for samples LS-12 to LS-14 and LS-16 according to PNL-
ALO-417. The separated fractions were precipitation plated according to PNL-ALO-496 and the
samples were counted by alpha spectrometry according to PNL-ALO-422. The samples were
prepqrcd in the hot cells in two separate batches and analyzed in the laboratory in ane batch. The
curium is known to follow the americium and both these isotopes were traced with **Am. As
discussed above for the total alpha results, the hot cell process blank (01-1014 PB) that was prepared
with samples 1.S-12 to LS-14 was contaminated with alpha activity at unacceptable levels (>5%).
There was no significant contamination of the hot cell process blank prepared with the solids sample
LS-16. The Am/Cm AEA results are generally in good agreement with the total alpha AEA results
indicating that there is little *Pu in these samples. The only exception is for the contaminated hot
cell process blank (01-1014 PB), which clearly has a different isotopic mix than the samples. For
example, the ratio of **Pu+**'Am to that of * H"Pu+**Pu in the process blank is lower than seen in
the samples whereas the ***"**Cm content in the process blank is much higher than seen in the
samples. Such isotopic differences are also indicative of hot cell contamination of the samples. The
LCS and matrix spike recoveries were 99% and 100%, respectively. RPD values were acceptable
except for the **Cm RPD of 21% for sample LS-12 The counting statistics are quite high for this
sample such that the MD (mean difference calculated according to our QA plan) value is less than
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the required value of 1.96, indicating that the measured activities are in good statistical agreement.
Most of the sample activities were well below the requested MRQ values for Am and Cm.

PTe

The technetium in the solids sample I.S-16 was chemically separated for analysis according to
procedure PNL-ALO-432. The separated fractions were then counted according to procedure
RPG-CMC-408. No activity was detected in either the hot cell process blank or the laboratory
blank. The RPD value was 23%, exceeding the QC criteria of 20%, suggesting some heterogeneity
in the sample duplicates. The MD statistical calculation also exceeds the required value of 1.96
indicating that the two measurements are not in agreement. As noted previously, these sample
duplicates also fail the RPD and MD tests for 'St and “Co suggesting heterogeneity in the duplicate
sampling process. The matrix spike recovery of 79% was within the QC requirement of 75%,
although the lower than normal recovery was probably due to the high salt content from the fusion
preparation. The L.CS recovery was 95%. The *Tc activities were well below the requested MRQ
values.

R@\;\ew.
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Battelle Pacific Northwest Laboratory 01-1003

Radiochemical Processing Group-325 Building

Chemical Measurements Center 11/14/02
Rev. 1

Client: R. Hallen

; J) { UL(.Q.Q,.«%
Cognizant Scientist: :7%0/ 44""“7ﬂ Date: _////FH¢2

Concur C-5 Oﬂﬂiﬁf > Date: 117 072
Measured Activities (uCi/g) with 1-sigma error

ALO ID Hot Cell  Cr-51 Fe-59 Co-60 Nb-95 Ru-103 Ru-106 Sn-113 Sb-125 SnSb-126 Cs-134 Cs-137 Ce-144 Eu-152 Eu-154 Eu-155 Am-241
Client ID Batch* Error% Error% Error% Error % Error % Error % Error % Error% Error % Error % Error % Error % Error % Error % Error% Error %
01-1014PB 1 <6.E-4 <9E-5 <5E-5 <5E-5 <6.E-5 <5E-4 <BE-5 <2E-4 <5E-5 <B6E5 B6.99E-3 <5E-4 <2E-4 <2E-4 <3E4 <8E4
Process Blank + 3%
01-1014 1 <9 E-2 <3E-3 3.15E-2 <2E-3 <1E-2 <7E2 <4E-3 <4E-2 <3E-2 <2E-3 127E+2 <4E-2 <1E-3 190E-2 <2E-2 <2E-2
LS-12 +2% +2% +6%
01-1014 DUP 1 <9.E-2 <3.E-3 314E-2 <2E-3 <1E-2 <7E2 <4E-3 <4E2 <3E-2 <2E-3 127E+2 <5E-2 <1E-3 184E-2 <2E-2 <2E-2
LS-12 DUP + 2% +2% +6%

RPD 0% 0% 3%
01-1015 1 <6.E-2 <2 E-3 322E-2 <1.E-3 <B8.E-3 <5E-2 <3E-3 <3E2 <2E2 <1E-3 1.32E+2 <3E-2 <9E4 201E-2 <1E2 <1E-=2
LS-13 + 2% +2% +4%
01-1016 1 <2.E-2 <3.E-4 507E-3 <2E4 <2E-3 <1E-2 <4E-4 <7E-3 <7.E4 <2E-4 242E+1 <1E-2 <3E-4 225E-3 <6E-3 <2E-2
LS-14 +2% + 3% +7%
01-1017PB 2 <2 E-2 <2.E-3 <2E-3 <1E-3 <2E-3 <1E-2 <3E-3 <5E-3 <2E-3 <2E-3 864E-2 <1E-2 <7E-3 <4E-3 <B8E-3 <1.E-2
Process Blank + 3%
01-1017 2 <4 E-1 <2 E-2 488E-2 <1E-2 <5E-2 <3.E-1 <3E-2 <2E-1 <6E-2 <2E-2 137E+2 <4E-1 <5E-2 446E+0 252E+0 3.82E+0
LS-16 +7% + 3% +2% + 5% +5%
01-1017 DUP 2 <4.E-1 <2 E-2 707E-2 <1E-2 <5E-2 <3E-1 <2E-2 <2E1 <6E-2 <1E-2 148E+2 <3E-1 <4E-2 3.84E+0 223E+0 3.42E+0
LS-16 DUP +5% . + 3% +2% +5% + 6%

RPD 37% 8% 15% 12% 11%

MD 2.23

*The samples were prepared in two batches in the hot cells using an acid digestion for batch 1 (liquids) and a KOH fusion for batch 2 (solids).

Page 1



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Chemical Measurements Center 11/14/02

Client : R. Hallen Rev. 1

Cognizant Scientist: Mwwf/—”"/ Date : ////‘?/VZ—
Concur: . Sa Iy e Date : | |" 15-02.

Measured Activities (uCi/g) with 1-sigma error

ALO ID Sr-90  Hot Cell Laboratory ALOID Sr-90 Hot Cell Laboratory

Client ID Error +/- Batch* Batch** Client ID Error +/-  Batch* Batch**

01-1003 2.01E+1 1 1 01-1006 Lab DUP 1.65E+0 2 1

LS-01 + 3% LS-04 DUP + 4%

01-1003 DUP 2.03E+1 1 1 01-1007 1.75E+0 2 1

LS-01 DUP + 3% LS-05 + 5%

RPD 1% 01-1007 DUP 1.79E+0 2 1
LS-05 DUP + 5%

01-1004 PB 5.58E-2 2 1

Process Blank + 3% RPD 2%

01-1004 3.07E+0 2 1 01-1008 PB 1.88E-2 3 1

LS-02 + 4% Process Blank + 3%

01-1004 DUP 3.61E+0 2 1 01-1008 1.68E+0 3 1

LS-02 DUP + 4% LS-06 + 5%

RPD 16% 01-1008 DUP 1.56E+0 3 1
LS-06 DUP + 6%

01-1005 1.88E+0 2 1

L.S-03 + 5% RPD 7%

01-1005 DUP 1.93E+0 2 1 01-1009 3.33E+0 3 1

LS-03 DUP + 5% LS-07 1+ 4%

RPD 3% 01-1009 DUP 3.14E+0 3 1
LS-07 DUP +4%

01-1006 1.73E+0 2 1

LS-04 + 5% RPD 6%

01-1006 DUP 1.82E+0 2 1

LS-04 DUP + 5%

RPD 5% ’
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Measured Activities (uCi/g) with 1-sigma error

ALOID Sr-90  Hot Cell Laboratory ALO ID Sr-90 Hot Cell Laboratory
Client ID Error +/-  Batch* Batch** Client ID Error +/-  Batch* Batch**
01-1010 2.92E+0 3 2 01-1014 PB 6.52E-2 1 2
LS-08 + 4% Process Blank + 3%
01-1010 DUP 3.06E+0 3 2 01-1014 1.28E+0 1 2
LS-08 DUP +4% LS-12 + 3%
RPD 5% 01-1014 Dup 1.40E+0 1 2
LS-12 DUP + 3%
01-1011 2.67E+0 3 2
LS-09 +3% RPD 9%
01-1011 DUP 2.71E+0 3 2 01-1015 1.40E+0 1 2
LS-09 DUP + 3% LS-13 + 3%
RPD 1% 01-1016 3.26E-1 1 2
LS-14 + 5%
01-1012 PB 6.26E-2 4 2
Process Blank + 3% 01-1017 PB 1.44E-1 5 2
Process Blank +4%
01-1012 2.18E+0 4 2
LS-10 + 3% . 01-1017 1.75E+3 5 2
LS-16 + 3%
01-1012 DUP 2.55E+0 4 2
LS-10 DUP +3% 01-1017 DUP 1.40E+3 5 2
LS-16 DUP +3%
RPD 16%
RPD 22%
01-1012 Lab Dup 2.19E+0 4 2 MD 2.60
LS-10 DUP + 3%
MS-1006 104% N/A 1
01-1013 1.99E+0 4 2 MS-1012 97% N/A 2
LS-11 +3%
BS-1003 101% N/A 1
01-1013 DUP 2.04E+0 4 2 BS-1010 103% N/A 2
LS-11 DUP +3%
Blk-1006 2.38E-1 N/A 1
RPD 2% + 33%
Blk-1010 <9.E-2 N/A 2

*The samples were prepared in the hot cells in 5 different batches.
“*The samples were analyzed in the laboratory in two separate batches

4
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Chemical Measurements Center

Client : R. Hallen
Cognizant Scientist: L}&K/@ Vf’ﬁ/ Date :

Concur: _ . :S’)Q!!.Z{"ﬂ! = Date :
|92

ALOID
Client ID

01-1014 PB
Process Blank

01-1014
LS-12

01-1014 Dup
LS-12 DUP
RPD

01-1015
LS-13

01-1016
LS-14

01-1016 Rep
LS-14

RPD

01-1017 PB
Process Blank

01-1017
LS-16

01-1017 DUP
LS-16 DUP

RPD

Pre-run
Post-run

Blank

Uranium

Ha/g
+1s

Hot Cell
Batch*

1.06E-1
+2%

2.20E+1
1+ 4%
2ATE+
+ 4%
1%
2.23E+1
+ 4%

3.15E+0
+2%

3.20E+0
+ 2%

2%

1.82E+0
+2%

3.25E+2
+ 3%

2.97E+2
+ 3%

9%

102%
100%

<2.E-5

1

*The samples were prepared in two batches in the hot cells.

11/14/02
Rev. 1

)///%/0 v

I|l-25-07
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client : R. Hallen

11/14/02
Rev. 1
Cognizant Scientist: M%"VV{ 'f'?'// Date: J/// TLA’ R
Concur: & S ooy e Date : [1~257 02
Measured Activitgs. (uCi/g) with 1-sigma error
Alpha Energy Analysis
Total U-234+ Pu-239+ Pu-238+ Cm-243+ Sum of

Page 1 of 4

ALO ID Alpha Np-237 Pu-240 Am-241 Cm-244 Cm-242  alpha Hot Cell
Client ID +1s +1s +1s +1s +1s +1s emitters Batch
01-1003 5.90E-2 3.23E-4 2.02E-3 5.02E-2 243E-3 2.16E-4 5.52E-2 1
LS-01 + 6% + 16% + 6% +2% + 6% +19% +2%
01-1003 DUP 5.73E-2 3.58E-4 193E-3 473E-2 236E-3 1.70E-4 5.21E-2 1
LS-01 DUP + 6% +12% + 5% +2% + 5% +17% +2%
RPD 3% 10% 5% 6% 3% 24% 6%
MD 0.46
01-1004 PB 3.41E-4 7.82E-7 3.42E-5 205E-4 9.81E-5 <4E-7 3.38E-4 2
Process Blank + 7% +28% +4% +2% +2% +1%
01-1004 3.57E-2 217E-4 187E-3 3.38E-2 1.93E-3 9.69E-5 3.79E-2 2
LS-02 + 7% + 16% + 6% +2% + 5% +25% +2%
01-1004 DUP 403E-2 247E-4 1.56E-3 3.28E-2 1.69E-3 147E-4 3.64E-2 2
LS-02 DUP + 7% + 16% + 6% +2% 1+ 6% +20% +2%
RPD 12% 13% 18% 3% 13% 41% 4%
MD 0.66
01-1005 1.16E-2 1.66E-4 7.57E-4 9.51E-3 8.04E-4 587E-5 1.13E-2 2
L.S-03 +13% + 8% + 4% +2% + 4% +14% +2%
01-1005 DUP 1.13E-2 1.75E-4 8.55E-4 9.80E-3 793E-4 7.11E-5 1.17E-2 2
LS-03 DUP +15% + 8% + 4% +2% + 4% +13% + 2%
RPD 3% 5% 12% 3% 1% 19% 3%
01-1006 8.92E-3 1.78E-4 7.54E-4 B8.10E-3 6.54E-4 445E-5 9.73E-3 2
LS-04 + 16% + 8% + 4% +2% 1+ 4% + 16% 2%
01-1006 DUP 1.44E-2 1.49E-4 6.40E-4 B8.46E-3 6.97E-4 3.73E-5 9.98E-3 2
LS-04 DUP +12% +10% +5% +2% +5% +21% +2%
RPD 47% 18% 16% 4% 6% 18% 3%
MD 1.22 :

File: 01-1003R2.xls



ALO ID
Client ID

01-1006 Lab DUP

LS-04

01-1007
LS-05
01-1007 DUP
LS-05 DUP

RPD
MD

01-1008 PB
Process Blank

01-1008
LS-06

01-1008 DUP
LS-06 DUP

RPD
MD

01-1009
LS-07

01-1009 DUP
LS-07 DUP

RPD
MD

01-1010
LS-08

01-1010 DUP
LS-08 DUP

RPD
MD

Measured Activities (pCi/g) with 1-sigma error

Alpha Energy Analysis

Total U-234+ Pu-239+ Pu-238+ Cm-243+ Sum of
Alpha Np-237 Pu-240 Am-241 Cm-244 Cm-242 alpha Hot Cell
t+1s +1s +1s +1s +1s +1s emitters Batch
N/A 2.15E-4 7.27E-4 8.99E-3 7.25E-4 6.83E-5 1.07E-2 2
+ 9% + 5% +2% + 5% + 16% + 2%
1.12E-2 1.62E-4 7.64E-4 9.06E-3 1.07E-3 5.22E-5 1.11E-2 2
1+ 14% + 8% +4% +2% + 3% + 15% +2%
9.83E-3 1.38E-4 6.28E-4 8.84E-3 7.57E-4 4.90E-5 1.04E-2 2
+ 16% +13% +6% +2% + 5% +22% +2%
13% 16% 20% 2% 34% 2% 6%
1.40 a1s
2.63E-4 <4 E-7 2.83E-5 168E-4 7.30E-5 <4E-7 2.70E-4 3
+ 9% +5% +2% + 3% +2%
1.87E-2 1.93E-4 950E-4 1.30E-2 965E-4 727E-5 1.52E-2 3
+11% +11% +5% +2% + 5% +19% +2%
1.24E-2 1.92E-4 B8.66E-4 1.14E-2 B8.26E-4 7.26E-5 1.34E-2 3
+12%  +11%  +5% +2% +5% +18%  +2%
41% 1% 9% 13% 16% 0% 13%
1.24
1.43E-2 1.81E-4 1.03E-3 1.34E-2 1.18E-3 8.09E-5 1.59E-2 3
+ 14% +12% +5% +2% + 5% + 18% +2%
1.41E-2 1.70E-4 1.00E-3 1.25E-2 9.82E-4 4.54E-5 1.47E-2 3
+12% +12% + 5% + 2% + 5% + 24% + 2%
1% 6% 3% 7% 18% 56% 8%
0.98
1.82E-2 241E-4 1.10E-3 1.32E-2 9.65E-4 1.09E-4 1.56E-2 3
+11% +11% + 5% +2% + 6% +17% + 2%
1.29E-2 1.98E-4 9.70E-4 1.29E-2 1.00E-3 9.26E-5 1.52E-2 3
+13% +13% + 6% +2% +6% +19% +2%
34% 20% 13% 2% 4% 16% 3%
1.01
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ALO ID
Client ID

01-1011
LS-09

01-1011 DUP
LS-09 DUP

RPD
MD

01-1012 PB
Process Blank
01-1012
LS-10

01-1012 DUP
LS-10 DUP

RPD
MD

01-1012 Lab Dup

LS-10 DUP

01-1013
LS-11

01-1013 DUP
LS-11 DUP

RPD
MD

01-1014 PB
Process Blank

01-1014
LS-12

01-1014 Dup
LS-12 DUP

RPD

01-1015
LS-13

Measured Activities (uCi/g) with 1-sigma error

Alpha Energy Analysis

Total U-234+ Pu-239+ Pu-238+ Cm-243+ Sum of
Alpha Np-237 Pu-240 Am-241 Cm-244 Cm-242 alpha Hot Cell
+1s +1s +1s +1s +1s +1s emitters Batch
1.35E-2 1.86E-4 9.00E-4 1.13E-2 8.53E-4 B8.06E-5 1.33E-2 3
+13% +11% 5% 2% 5% +17%  +2%
1.656-2 1.83E-4 1.07E-3 1.17E-2 8.70E-4 5.32E-5 1.39E-2 3
+11% + 8% + 3% +2% + 4% +15% +2%
14% 2% 17% 3% 2% 41% 4%
0.86
2.25E-4 <5.E-7 261E-5 167E-4 6.17E-5 <5E-7 256E-4 4
+ 9% + 5% +2% + 3% 1+ 2%
1.94E-2 243E-4 1.05E-3 1.19E-2 1.02E-3 6.90E-5 1.43E-2 4
£10%  £11% 5%  +2% 5% +21%  £2%
1.51E-2 2.02E-4 112E-3 1.31E-2 9.36E-4 7.84E-5 1.54E-2 4
+13% +11% + 5% + 2% +5% +18% +2%
25% 18% 6% 10% 9% 13% 8%
0.78
N/A 211E-4 1.07E-3 1.22E-2 9.69E-4 6.62E-5 1.45E-2 4
+11% + 5% + 2% + 5% +20% +2%
1.44E-2 1.87E-4 101E-3 1.13E-2 8.70E-4 5.53E-5 1.34E-2 4
+12% +11% +5% +2% + 5% +21% +2%
1.63E-2 1.89E-4 107E-3 1.17E-2 8.82E-4 7.23E-5 1.39E-2 4
+12% +10% + 4% + 2% + 5% +17% +2%
12% 1% 6% 3% 1% 27% 4%
0.50
1.78E-3 <1.E-6 3.41E-4 223E-3 2.01E-3 2.79E-6 4.58E-3 1
+ 3% + 2% + 2% +2% +24% + 1%
1.18E-2 1.71E-4 6.64E-4 868E-3 5.29E-4 354E-5 1.01E-2 1
+15% +11% +6% + 2% + 6% + 25% 2%
1.03E-2 1.79E-4 7.56E-4 854E-3 547E-4 3.17E-5 1.01E-2 1
+15% +11% +5% + 2% + 6% +27% + 2%
14% 5% 13% 2% % 11% 0%
790E-3 1.88E-4 7.32E-4 8.48E-3 6.10E-4 3.93E-5 1.00E-2 1
+17% +11% + 5% +2% + 6% +24% +2%
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ALO ID
Client ID
01-1016
LS-14

01-1017 PB
Process Blank

01-1017
LS-16

01-1017 DUP
LS-16 DUP

RPD

MS-1003
MS-1006
MS-1012

BS-1
BS-2

Blank 1
Blank 2

Measured Activities (uCi/g) with 1-sigma error

Alpha Energy Analysis

Total U-234+ Pu-239+ Pu-238+ Cm-243+ Sum of
Alpha Np-237 Pu-240 Am-241 Cm-244 Cm-242  alpha Hot Cell
+1s +1s t+1s +1s +1s +1s emitters Batch
<4.E-3 3.69E-5 1.20E-4 1.32E-3 1.07E-4 <2.E-5 1.60E-3 1
+ 24% +13% + 4% + 14% + 4%
6.31E-3 <2.E-5 948E-4 482E-3 1.75E-3 <2E-5 7.56E-3 5
9% + 5% +2% + 3% +2%
470E+0 <1.E-3 252E-1 4.37E+0 1.70E-1 1.58E-2 4.81E+0 5
+3% + 3% +2% +3% +10% + 2%
416E+0 8.33E-3 225E-1 3.70E+0 1.52E-1 1.31E-2 4.10E+0 5
+ 3% +28% +5% +2% + 6% +22% +2%
12% 1% 17% 11% 19% 16%
105%
95%
104%
102% 113%
116%
<4.E-3 <2.E-5 <2.E-5 <3.E-5 <2.E-5 <2E-5
<2.E-5 <2.E-5 <2 E-5 <9.E-6 <9.E-6
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Battelle Pacific Northwest Laboratory BRI

Radiochemical Processing Group-325 Building

Chemical Measurements Center 11/14/02
Client : R. Hallen 3 Rev. 1
Cognizant Scientist: 58 MW’Z@/ Date : /I / /‘?‘/0 (.8
concur: (L .3:;@\% (1o Date : \-25-92-

Measured Activigi/es (uCi/g) with 1-sigma error

Americium/Curium Analysis

Cm-243+

ALO ID Am-241 Cm-244 Cm-242  Sum of Hot Cell
Client ID +1s % 15 +1s Am + Cm Batch
01-1014 PB 3.07E-4 7.72E-4 <8.E-7 1.08E-3 1
Process Blank +3% + 2% +2%
01-1014 8.49E-3 548E-4 5.06E-5 9.09E-3 1
LS-12 +2% + 7% +21% + 2%
01-1014 Dup 8.39E-3 542E-4 6.23E-5 8.99E-3 1
LS-12 DUP +2% + 6% +18% +2%

RPD 1% 1% 21% 1%

MD 0.38

01-1014 Lab DUP 8.18E-3 5.32E-4 5.95E-5 8.77E-3 1
LS-12 + 3% + 8% + 24% +3%
01-1015 8.30E-3 557E-4 3.59E-5 B8.89E-3 1
LS-13 *+2% + 6% +25% + 2%
01-1016 1.17E-3 8.36E-5 6.69E-6 1.26E-3 1
LS-14 + 3% + 9% + 33% + 3%
01-1017 PB 2.84E-3 1.B4E-3 <3.E-5 471E-3 2
Process Blank + 4% +5% + 3%
01-1017 3.99E+0 1.64E-1 1.09E-2 4.16E+0 2
LS-16 + 2% + 6% +21% +2% |
01-1017 DUP 3.45E+0 1.37E-1 1.08E-2 3.60E+0 2
LS-16 DUP + 3% + 7% + 24% + 3%

RPD 15% 18% 1% 15%
MS-1014 100% r
BS-1003 99%
BLK-1003 <2.E-5 <2.E-5 <7.E-6 !

The samples were prepared in the hot cells in two batches. *
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Chemical Measurements Center

Client: R. Hallen

11/14/02
Rev. 1

Cognizant Scientist: %fﬁ%wrf/ Date : /// /‘f‘/ e

Concur : & EQQQUT{W Date : o Ko 2

Measured Activities (uCi/g) with 1-sigma error

ALO ID Tc-99
Client ID Error +/-
01-1017 PB <4 E-4
Process Blank
01-1017 1.03E-1
LS-16 +4%
01-1017 DUP 8.17E-2
LS-16 DUP + 4%
RPD 23%
MD 2.03
MS-1203 79%
BS-1003 95%
Bik-1017 <6.E-7

Page 1
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Richland, Washington 99352

’

Project / WP#: 42365 / W57984
ASR#: 6107

Client: R. Hallen

Total Samples: 14 liquds

RPL#: 01-01003 E‘ 01-01016
Client ID: “LS-017 “LS-14”

Sample Preparation: PNL-ALO-128 (1mL/26mL or 1.2g/26mL)

Procedure: ~ PNNL-ALO-211, "Determination of Elements by

Inductively Coupled Argon Plasma Atomic Emission
Spectrometry” (ICPAES).

Analyst: D.R. Sandets

Analysis Date (File): 05-25-2001 (A0676)
06-15-2001 _(A0682)
06-19-2001 (A0684)
06-20-2001 _(A0SE5)
V]

See Chemical Measurement Center 98620 file: ICP-325-405-1
(Calibration and Maintenance Records)

M&TE Number: WB73520 (ICPAES instrument)
360-06-01-029 (Metder AT400 Balance)

YT e

Reviewed by

Q.éﬁ%/ Zs./a-g?du_ Qg-25-0/

| / ~7  Corce
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

Fourteen liquid samples from Analytical Service Request (ASR) 6107 were prepared by acid
digestion per PNL-ALO-128 in the Shielded Analytical Laboratory (SAL). The samples were
prepated by using nominal 1.0 mL of sample and diluting to a final volume of about 26 mL. The
final volume was calculated by using the mass and densiry of the resulting digestate.

In the ASR, Al, Ba, Ca, Cd, Cr, Fe, K, La, Mg, Mn, Na, Ni, P, Pb, and St were identified as analytes
of interest for this work. The guality control (QC) results for each of these analytes have been
evaluated and are presented below. Analytes other than those detected as patt of the [CPAES
analysis are reported, but have concentrations less than the method detection limit (MDL) and have
not been fully evaluated for QC performance.

The attached ICPAES Results (9 pages; 2 pages from each of the analysis runs on 5-25, 6-19, and
6-20, and 3 pages from analysis run on 6-15) presents the final results. Results are from the direct
measurement of the digestates, except for Na which required an additional 5x dilution to bting the
Na concentration within the ICPAES linear range. The ICPAES measurement results are reported
in pg/g of liquid sample (as requested by the ASR) and have been corrected for all dilutions
resulting from sample processing. It should be noted that the preliminary results repotted were
presented on a Pg/mlL basis.

The following is a list of quality control measurement results relative to ICPAES analysis
requirements of the controlling QA plan. A digestion processing blank, laboratory control sample
(blank spike}, matrix spike, and duplicate were prepared with the sample for each processing batch.
The blank spikes was prepared by using 3 mL of a custom multi-element solutions “010514i901 and
0105141902 per 26 mL digestate volume, and the matrix spikes were prepared by using t mL of the
same muld-element solutions.

Process Blank: :
Concentranon of analytes of interest measured in the three process blanks were all within

acceptance criteria of £ EQL (estimated quantitadon level) or less than £5% of the
concentration in the sample.

Blank Spike (laboratory control sample):
The blank spike recovery for analytes of interest was within the acceptance criteria of 80% to
120%, except for Na for the 6-19-2001 analysis which recovered slightly high at 121%.

Duplicate RPD (Relative Percent Difference):
For those analytes of interest measured above the EQL, the RPDs were within the acceptance
criteria of less than 20%. Even for analytes with concentration between the method detection
Limit (MIDL) and the EQL, the RPDs are quite good, with only the Mg for LS-06 exceeding
the 20% criterna.

Matrix Spiked Sample;
Matrix spike were prepared for LS-02, 1.5-06, LS-10, and LS-12. Except for Al and Na, which
had spike concentration less than 20% of the sample concentration, the analytes of interest
meet the matrix spike recovery criteria of 75% to 125%. Post spiking or serial dilution is
required for the Al and Na.

9/20/2001 ASR 6107 Liquids Hallen.doc Page 20f3



Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

L4
’

Post-Spiked Samples (Spike A Flements):
Post spiking was performed on LS-02, LS-06 and LS-10. All post-spiked analytes of interest in
samples tested were recovered within tolerance of 75% to 125%, except Al and Na. The post
spike analysis uses a general spiking solution intended to be usable on the majority of sample
analyzed by ICPAES. However, for the sample selected for post spiking, the spike
concentration for Al and Na was less than 20% of the sample concentration and the recovery
results are considered meaningless. For these analytes, the use of serial dilution results is
required to evaluate potential matrix interferences.

Post-Spiked Samples (Spike B Elements):

The post spike recovery for La, which is the only Spike B analyte of interest, were within
olerance of 75% to 125%.

Serial dilution:
Sernal dilution was required for Al, Na, St, since for these analytes the post spike
concentrations were less than 20% of the sample concentration (i.e., recoveries could not be
evaluated). These analytes demonstrated a percent difference (%D) within the acceptance
cuteria of £10% after correctng for dilution for all the serial dilutions measured. In some
case the samples were not have enough serial dilutions to be able to calculate the Na %Diff
(l-e., at all dilutions except for the highest dilution, the Na was over range).

Comments:
1) "Final Results” have been corrected for all laboratory dilution performed on the sample during processing and
analysis unless specifically noted.

2) Detection limits (Det. Limit) shown are for acidified water. Detection limits for other matrices may be
derermined if requested. Method detection limits (MDL) can be estimated by multiplying the ‘Multiplier’ times
the Detection Limit.

3) Rourne precision and hias is typically X 15% or better for samples in dilute, acidified water {e.g. 2% v/v HNO;
or less) at analyte concentrations greater than ten imes detection limit up to the upper calibration level. This
also presumes that the total dissolved solids concentration in the sample is less than 5000 pg/mL (0.5 per cent
by weight). Note that bracketed values listed in the data reporr are within ten times instrument detection limit
(adjusted for processing factors and laboratory dilutions) and have a potential uncertainty much greater than
15%.

4} Absolute precision, bias and detection limits may be determined on each sample if required by the client.

5) The maximum number of significant figures for all ICP measurements is 2.
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Battelle PNNL/RSE/Inorganic Analysis... ICPAES Results Page 10f2
Run Date= | Si2512001 | 5/2512001 | sr2sr2000 | S12502001 | 5/25/2001 | 51252004 | 5/25/2001
Multiplier= 20.6 103.6 512.8 103.4 1039 102.8 24.3
RPL#=|01-1014-PB [01-1002 01-1003-D  |o1-1014 01-1014-D {01-1015 01-1016
. Process
Client ID= Bla::( (ALO-

Det, Limit 128) LS-01 LS01-Dup | LS-12 | LS12-Dup| LS-13 LS-14
ug/ml Analytes uglg uglg _ugly uglg _uglg ugly uglg |
0.060 al [4.0} 7,230 7,320 6,960 6,930 6,800 1,180
0.010 BHa - - - - — - -
0.250 Ca - [160] {150] [130] [120] [120} {34]
0.015 cd - 22.7 [23] 22.9 222 22.1 3.96
0.020 Cr - 89.2 [89] 94.0 g3.2 93.2 15.8
0.025 Fe - (7.3 - (3.2) (3.2) (3.3] (1.3]
2.000 K - [720] — (710] (680] {690] {130]
0.050 La ~ - - - - - _
0.100 Mg - - - - - - -
0.059 Mn - - - - - - -
0.150 Na 48.2 95,700 98,400 91,100 g1,400 90,200 22,900
0.030 Ni - 165 167 163 152 158 27.8
0.100 P - 685 670 667 656 638 99.3
0.100 Pb - 161 - (55] (52] (511 (13|
0.015 Sr - - - 74.5 745 73.0 15.2

Other Analytes

0.025 Ag - —~ - - . - _
0.250 As - - - - . — .
0.050 8 39.4 63.1 [50] 58.8 59,3 57.5 87.0
0.010 Be - . - ~ - — -
0.100 Bi - - ~ - - - .
0.200 . Ce - -- - - - - -
0.050 Co - - - - - - -
0.025 Cu - {3.7] - (6.7} [6.1) {6.01 [0.54)
0.050 Dy —~ - - - - - -
0.100 Eu - - - - - - -
0.030 L - -~ - - - - -
0.050 Mo —~ {19 - [20] [19] (19} (5.0
0.100 Nd - - - - - - -
0.750 Pd - - - - - - -
0.300 Rh - - - — - - -
1,100 Ru - - -~ - - - -
0.500 $b - - - - - - -
0.250 Se - - - - - - --
0.500 Si [81} [160] - (160} (160] (1601 663
1.500 Sn - - - - - - -
1.500 Te - - - - - — -~
1.000 Th - - - - . - -
0.025 i - - - - - - -
0.500 Tl - - ~ —~ - - -
2.000 U - — - - - - -
0.050 v - - o - - — -
2,000 w - - - - - - -
0.050 Y - - - - — - —
0.050 Zn - - - [5.5) (5.4] (5.5} (2.2}
0.050 Zr —~ - - - - - -

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +- 15%.
2} Values in brackets [} are within 10-times detection limit with errors likely to exceed 15%.

3) " indicate measurement is below detection. Sample detection limit may be found by
muttiplying “det. limit" (far lelt column) by “muitiplier” (top of each column).
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Page 2 of 2

Battelle PNNL/RSE/Inorganic Analysis... ICPAES Results
QC Performance 5/25/2001
K 75%- 75%- 75%-
Criterla> <20% <20% 80% -120%| 125% 125% 425% | < +-10%] < +-10% | < +/-10% | < +/-10%
— 010514i901 01-1014 +}01-1014 +| 01-1003 } 01-1014 | 01-1015 | 01-1016
01-1003 & | 01-1014 & | 0105141902 01-1014 | Post Post | @5/@2s | @5@25| @5@2s | @1U@Ss
01-10030 | 01-1014D LCS/BS MS Spike A | Spike B [Seriat Dil| Serial Dil| Serial Dl Serial Dil
Analytes | RPD{%) | RPD (%) %Rec “%Rec | %Rec | %Rec | %Diff | %Diff | %Diff | %Diff
Al 3.4 0.0 86.7 n.r. n.r. 0.5 -0.2 -D.9 20
Ba 95.6 98.8 102.8
Ca 1.1 0.4 95.8 102.2 104.1
Cd 2.1 2.7 852 100.2 1031
Cr 2.3 0.5 896.0 101.8 105.4
Fe 1.8 93.5 104.0 108.1
K 4.0 3.3 88.5 97.9
La 927 98.4 884
Mg 98,2 106.6 1113
Mn g8.8 106.9 109.7
Na 6.0 0.9 97.4 n.f. nr 24 -1.7 -2.8 41
Ni 3.3 0.3 a7.6 106.3 108.4
P 0.1 1.3 85.0 101.9 1021
Ph 3.4 97.7 1031 105.8
Sr 0.5 957 {08.3 103.0
Other Analytes
Ag 91.2 97.3 100.4
As 105.3
B 3.3 1.2 106.5
Be 104.0
Bi 954 1001 103 .6
Ce 991
Co 1048.5
Cu 8.3 97.7 100.9 107.4
Dy 101.7
Eu 1080
Li 102.2
Mo 1.0 105.2
Nd 92.5 8961 98.2
Pd 839 93.0 897
Rh 94.7 98.3 97.4
Ru a5
Sh 102.5
Se 108.4
8i 4.1 124.5 105.8 121.4
Sn
Te
Th 1023
Ti 929 95 2 1011
T 104.0
U 9z2.4 939 86.0
v 99.5
W
Y 100.7
Zn 1.8 96.6 102.0 105.8
ar 96.2 102.0 105.2

n.r. = not recovered; spike is less than 20% of sample concentration,
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

Page 10f 2
Run Date= 6/15/2001 6/15/2001 6/15/2001 6/15/2001 | 6M5/2001 6/15/2001 6/15/2001 6{15/2001 6/15/2001
19.6 20.3 201 20.3 20.0 2041 19.9 191
Multiplier= 1.0 {Na98.2) {Na101.7) «| (Na100.3) 1 (Na101.3) | (Na100.0) | {Na100.6} {Na99.6) {Na%5.6)
RPL#=/01-1004-B |01-1004 01-1004-D  |04-1005 04-1005-D |01-1006 M-1006-D |01-1007 01-1007-D
Process
Client iD=| Blank (ALO-

Det. Limit 128) LS-02 LS-02 Dup |LS-03 L.S03 Dup |L5-04 LS-04 Dup JLS-03 L.5-05 Dup
ugimb Analytes uglg ug'o ugly ugly ugly ugig ug/g uglig ugia
0.060 Al 17.5 6,710 6,750 6,500 6,570 6,800 6,540 6,750 6,830
0.010 Ba - - - - - - - - -
0.250 Ca [5.9] 119 121 105 108 117 113 114 116
0.015 Cd - 20.9 21.0 201 20.3 21.0 207 209 211
0.020 Cr - 76.7 77.5 80.4 80.8 84.0 82.3 83.9 85.0
0.025 Fe {1.1} (4.7] [4.6] [2.6] [2.4] (2.6} (2.6} [2.6] [2.4]
2.000 K - 814 824 809 816 841 815 817 828
0.050 La - [2.2} 12.3] - - - - - -
0.100 Mg - - - - £2.2] (2.3 - - -
0.050 Mn - - - - . - - - -
0.150 Na 61.1 89,800 90,900 86,200 87,600 91,000 90,200 91,500 §2,000
0.030 Ni - 145 147 143 143 148 145 148 149
0.100 P - 831 638 624 6528 847 634 641 B48
0.100 Phb - 57.5 53.4 42.5 42.2 46.2 453 46.0 46.4
0.0135 Sr - 161 168 100 102 95.5 1.0 84.9 83.5

Other Analytes
0.025 Ag - - - - - - - - -
0.250 As - - - . . - - - -
0.050 B 27.9 64.4 75.5 60,1 93.5 95.3 58.7 53.5 65.1
0.010 Be - - - - - - - - -
0.100 Bi - [2.4] [2.2) -- - - - - -
0.200 Ce -- - - - - - - - -
0.050 Co - {1.5 [1.5) [1.5] [1.5] [1.5] [1.9] [1.5) {1.5]
0.025 Cu -- [4.3]) [4.3] [4.2] 4.2] [4.4] [4.2] [4.3] (4.3)
0.050 Dy - - - - - - - - .
0.100 Eu - - - - - - - - -
0.030 Li - - - - - - - - -
0.050 Mo - 17.6 17.7 17.3 17.4 18.1 17.7 18.1 18.2
0.100 Nd - {6.8] 7.0} [3.5] [3.4] (3.2 [3.4] [2.8] [2.9]
0.750 Pd - - - - - - - - -
0.300 Rh - - - - - - - - -
1.100 Ru - - - - - .- - - .
0.500 Sb - - - - - - - - -
0.250 Se - - - - - - - - -
0.500 Si 103 243 259 217 295 372 228 192 213
1.500 Sn -~ - - - - - - - -
1.500 Te - - - - - . - - -
1.000 Th - - - - - - - - -
0.023 Ti - - - - - - - .- -
0.500 T - - - - - - - - -
2.000 u - - - - - - - - .
0.050 v - - - - - - - - -
2.000 w - . - - - - - - -
0.050 Y - - - - - - - - -
0.050 Zn [1.1] 2.2} [2.0] [1.4] [1.1] [1.1 [1.5] [1.4] [1.3
0.050 Zr - [2.0] [2.0] - - - - -- -

Note: 1) Overall error greater than 10-times detection limil is estimated to be within +/~ 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "~ indicate measurement is below detection. Sample dataction limit may be found by
multiplying “det. limit™ (far left column) by "multiplier” (fop of each column).
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

QC Parformance 6/15/2001 - RPDs and LCS/BS Recovery

Criterla> <20% <20% <20% <20% 80% - 120%
0105141901
QcC Ip=| 01-1004 & |01-1005& 01] 01-1006 & | 01-1007 & | 010514i902
01-1004D 10050 01-10060 { 01-10070D LCSIBS
Analytes RPD (%} RPD (%) RPD {%) RPD (%) %:Rec
Al 3.9 1.0 1.0 - 28 112.0
Ba 99.0
Ca 27 33 2.2 3.8 99.7
Cd 3.9 0.8 0.1 2.5 99.2
Cr 35 0.6 0.6 2.9 99.2
Fe 7.3 4.9 29 8.0 101.2
K 3.4 0.9 1.8 3.0 101.7
La 0.5 98.4
Mg 101.2
Mn 102.4
Na 1.1 1.6 0.8 0.5 119.2
Ni 34 0.6 ‘0.5 2.5 99,5
P 34 a7 0.5 2.8 98.0
Pb 2.9 0.6 0.6 2.6 100.6
Sr 0.8 1.9 34 0.1 99.0
Other Analytes
Ag 59,3 TR
As
B 11.4 43.5 46.2 21.2
Be
Bi 13.9 98.9
Ce
Co 0.3 2.0 0.2 1.6
Cu 4.2 0.7 2.5 35 100.0
Dy
Eu
Li
Mo 3.5 0.4 0.8 26
Nd 2.0 16 0.0 0.1
Pd 89.5
Rh 100.2
Ru 96.4
5h
Se
Si 2.0 30.5 46.8 12.2 U189.4 7%
Sn
Te
Th
Ti 95.9
TI
u 99.0
v
w
Y
Zn 16.3 . 229 30.7 0.9 98.2
Zr 2.0 987

Shaded results exceed acceptance criferia

Bold and unshaded RFOs indicate cne or both results <EQL.
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

QC Performance 6/15/2001- MS & PS Recovery and %Diff

r

Criteria> | 75%-125% | 75%-125% | 75%-125% | <+-10% < +{-10% < +-10% < +-10%
01-1004 + | 01-1004 + 011004 01-1005 M-1008 01-1007
QcC ID= Post Spike | Post Spike @ias @u@s @Uu@Es R1@s
01-1004 M3 A 8 Serial Dil Serial Dil Sarial Dil Serial Dil
Analytes %Rec %Rec %Rec Y% DIff YaDift % Diff Y% Diff
Al n.r. n.r. 3.7 1.4 2.2 2.7
Ba 93.0 95.3
Ca 98.5 a7.7
Cd 96.7 99.6
Cr 91.5 89.1
Fe 97.2 99.3
K 96.1 96.0
La 95.6 97.0
Mg 99.3 103.4
Mn 103.4 103.3
Na n.r. n.r. A Y FEE nm U R R Y
Ni 88.5 99.0
P 95.5 96.4
Ph 97.8 100.3
Sr n.t. 89.3
Other Analytes
Ag 95.7 96.1
As 100.2
B 99.6
Be 97.6
Bi 96.6 9r.7
Ca 98.7
Co 101.1
Cu 86.9 100.0
Dy 98.5
Eu 105.7
Li 28.2
Mo 93.0
Nd 95.8
Pd 103.0 91.1
Rh 101.6 96.2
Ru 105.0
Sb 97.8
Se 998
Si 120.1 i07.2
Sn
Te
Th 93.1
Ti 911 93.2
TI 95.4
U 85.9 96.6
v 044
L
Y 96.0
Zn 98.6 102.1
Zr 97.4 97.6

Shaded results exceed acceplance criteria
n.r. = not recovered; spike concentration iess then 20% of sample concenlration
n.m. = nol measured; insufficient dilutions prepared to evaluate %Diff.
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results Page 1 of 2
Run Date= 6/19/2001 6/19/2001 §/19/2001 6/19/2001 81912001 6/19/2001 6/18/2001 6/19/2001 6/13/2001
201 201 214 20.5 20.8 20.5 19.9 19.4
Multiplier= 20.3 {Na100.3) | (Na100.6) | {Na105.4) | (Na102.6) | (Na103.9) | (Na102.3) | (Na99.4) | (Nas7.2)
RPL#= 01-1008-B 01-1008 01-1008-D 01-1009 01-1009-D 01-1010 01-1019-D 01-1011 01-1011-D
Client ID=
Dat. Limit Proc. Blk LS-06 LS-06 L3-07 LS-07 LS-08 LS-D8 LS-09 LS-09
ug/mL Analytes ug/g ugly ugly ugly ugfy ugfg ugig uglg _uglg
0.060 Al [4.6] 7,180 6,990 6,640 6.670 6,840 6,960 8610 ,600
0.010 Ba [0.22) [0.23] - - 10.22] - {0.23} -- {0.27]
0.250 Ca - 127 122 120 123 122 125 122 120
0.015 Cd -- 224 21.8 21.1 20.9 214 22.0 20.8 206
0.020 Cr - 90.3 88.5 85.2 843 87.0 88.6 84.5 84.2
0.025 Fe [0.65]) (3.2] 2.7] {4.6] (4.7 (5.0} 5.83 [4.8] (4.8]
2.000 K - 895 864 817 794 798 812 769 788
0.050 La - - -~ (1.2) . - - —~ -
0.100 Mg - [2.7] [2.1] - [2.1] -- - [2.1] -
0.050 Mn - - - - - = — - --
0.150 Na 48.5 98,700 97,200 52,500 92,500 94,500 97,600 93,800 94,200
0.030 NI - 139 156 149 147 152 154 147 147
0.100 P - 665 649 629 6§22 610 614 622 620
0.100 Pb - 45 4 48.3 45.5 43.7 45.8 46.4 44.4 442
0.015 Sr - 876 86.3 185 185 174 178 160 161
Other Analytes
0.025 Ag - - - - - - - - --
0.250 As -- - - - -- - - - -
0.050 B 38.7 104 52.4 43.5 88.0 43.4 69.0 707 65.0
0.010 Be - - - - - - - - --
0.100 Bi - [2.9] [2.5] [2.6] — - - - -
0.200 Ce - - - - - - - - -
0.050 Co - 01.7] [1.7) (1.8] (1.4) (1.5] (1.5] [1.4] [1.4]
0.025 Cu - [4.7] [4.5] [4.4] [4.2] [4.4] [4.5] {4.3] {4.3]
0.050 Dy - - - - - - - - -
0.100 Eu - - - - - - - - .
0.030 Li - [0.61] [0.68] - - - - - -
0.050 Mo - 19.0 18.8 17.9 17.5 18.1 18.5 17.6 17.6
0.100 Nd - [4.4] {4.5] [4.8] [3.4] [3.4] (3.5] 13.2] [3.1]
0.750 Pd - - - - - - - - -
0.300 Rh - - - - - - -- -- -
1.100 Ru - - - - - - - - -
£.500 Sb - - .- - - - - - -
0.250 Se - -- - -~ - - - - --
0.500 Si [86] 385 208 199 317 220 268 300 245
1.500 Sn - - - - -- -- -- - -
1.500 Te - - - - -- - -- - -
1.000 Th -- -- - - -- -- - -- .-
0.025 Ti - - - - - - - - -
0.500 Ti - - - -- - -- - -- -
2.000 u - - [49] - - - - - -
0.050 v - - - - - - - - -
2.000 W - - - - - - - - -
0.050 Y - - - - - - - - -
0.050 Zn (1.1) [1.6] (1.7] (3.9} [3.4) (4.2] [4.2} 14.3] 14.5]
0.050 Zr - {1.2] [1.1] (1.1 - - - — -

Note: 1) Qverall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection fimit with errors fikely to exceed 15%.
3 ™" indicate measurement is helow datection. Sample detection limit may be found by
multiplying "det. limit" (far left column) by “multiplier™ {top of each column).
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Beattelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

QC Performance 6/19/2001

75%- 75%- 75%-
Criterfa> <20% <20% <20% <20% | 80%-120%| 125% 125% 1258% | <+/-10%
010514i901 01-1008 +{01-1008 +| 011008
QC ID={ 01-1008 & | 01-1009 & | 011010 & | 01-1011 & | 010514i902 | 01-1008 | Post Post @u@s
01-1008D | 01-1009D | 01-10100 | 01-1014D | LCS/BS MS | Spike A | Spike B| Serlal Dil
Analytes | RPD{%) | RPD (%) | RPD (%) | RPD (%) %Res %Rec | %Rec | %Rec % Diff
Al 238 0.5 1.7 0.1 111.0 n.r. nr. 28
Ba 89.2 926 101.9
Ca 43 2.0 25 13 89.7 96.7 102.5
cd 2.5 07 2.4 0.8 67.9 85.1 103.3
Cr . 2.0 1.1 1.8 0.3 87.8 89.8 104.5
Fe 17.6 1.9 149 0.5 101.3 96.6 105.0
K 38 2.8 1.8 0.0 59.6 554 100.6
La 98.2 97.6 100.5
Mg 25.1 100.9 97.5 108.4
Mn 100.9 101.1 107.4
Na 15 0.0 32 04 FPBEITIES nc n.r. SR
Ni 1.9 1.4 15 0.4 99.9 84.2 109.4
P 24 1.1 0.6 0.4 96.1 91.7 102.0
Pb 23 6.2 13 0.5 102.3 99.4 107.8
Sr 1.5 0.1 2.0 0.4 99.4 94 1 104.3
Other Analytes
Ag HEiss 3w 941 99.1
As 103.6
B 41662 F) i 6n.7. | . a5E 105.3
Be 100.9
Bi 10.3 95.0 03.4 99.8
Ce 102.7
Co 0.3 12,6 0.7 0.7 107.6
Cu 5.6 45 1.7 6.3 99.4 958 105.3
Dy - 102.0
Eu 108.7
L 10.8 102.3
Mo 1.4 2.5 19 0.3 103.8
Nd 3.0 33.6 1.2 1.7 102.9
Pd 37.0 57.6 88.2
Rh 97.8 99.8 100.8
Ru 96.0 104.6
$b 101.5
Se 104.4
s £0060.5% 5| rig5.8 .| F19.87t) 200 7 [ E1548 ] 989 114.4
Sn
Te
Th 103.1
CTi 96.0 91.4 99.0
T 101.2
U 965.9 94.4 99.0
v 98.7
W
Y 98.5
Zn 3.8 13.8 0.4 2.8 995 100.4 108.4
Zr 3.4 98.9 98.1 1036

Shaded resuits do not meet QC acceptance criteria.
n.r. = not recovered, spike is less than 20% of sample concentration,
Bold and unshaded RPDs indicate one or both results <EQL.
n.m. = not measured; insufficient dilutions prepared tc evaluate %Diff
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Battelle PNNL/RSE/Inorganic Analysis... ICPAES Report

Run Date= 6/20/2001 | 6/20/2001 | 6/20/2001 | 8/20/2001 | 6/20/2001
21.3 20.3 211 21.2
Multiplier= 1.0 {Na106.7) | (Na101.4) | (Na105.5) | (Na105.8)
RPL#=| 01.1012.B 01-1012 01-1012-D 01-1013 01-1013-D
ClientID=
Det. Limit LS-10 LS-10 LS-11 LS-11
ugimL Analytes uglg ugig ug/g uglyg ugly |
0.060 Al [0.17] 6,580 6,540 6,590 6,600
0.010 Ba {0.011] - - [0.21] -
0.250 Ca - 118 117 120 120
0.015 Cd [0.016] 21.2 21.1 21.2 21.2
0.020 Cr -- 86.1 851 86.1 88.7
0.025 Fe [0.028] [4.8] {4.9] [4.8] {4.7]
2.000 K -~ 795 789 784 780
0.050 La -- - -- -- -
0.100 Mg - - - - —
0.050 Mn - - - - -
0.150 Na 2.23 50,100 28,500 90,600 90,700
0,030 Ni -~ 147 146 149 149
0.100 P - 616 614 586 587
0.100 Pb - 45.9 46.2 47.2 47.3
0.015 Sr - 129 12§ 113 113
Other Analytes
0.025 Ag_ - - - - -
0.250 As - - - - -
0.060 B 1.68 54.8 52.6 56.5 52.9
0.01C Be - -- - - -
0.100 Bi [C.15] [3.5] [2.3] [2.3] -
0.200 Ce - - - - -
0.050 Co - [1.5] {1.5] [1.8} [1.6]
0.025 Cu -- 5.51 5.40 6.46 £.39
0.050 Dy -- -- - - -
0.100 Eu - -- -- - -
0.030 Li - -- - - -
0.050 Mo - 17.6 17.4 17.6 17.8
0.100 Nd - [3.9] [4.1] [3.8] [3.9]
0.750 Pd -- - - - -
0.300 Rh - - -- - -
1.100 Ru - - -- - -
0.500 Sb - - -- - -
0.250 Se -- -- -~ -- -
0.500 5i [3.1] 208 189 202 185
1.500 Sn -- -~ -- -- --
1.500 Te = - -- -- --
1.000 Th - -- - - -
0.025 Ti -- - -- - -
0.500 TI - -- - -- -
2.000 u - - - - -
0.050 v - - - - -
2.000 W - - -- - -
0.050 Y - - -- - -
0.050 Zn [0.054]) [5.0] [5.0] [5.3] [5.2]
0.050 Zr - [1.1] [1.1] [1.1] [1.1]

Note: 1) Qverall error greater than 10-times detection limit is estimated lo be within +/- 15%.
2} Values in brackets [] are within 10-times detection limit with enors likely to exceed 15%.

J) ~-"indicate measurement is helow detection. Sample detection fimit may be found by
multiplying "det. limit” (far left column) by "multiphier” (top of each columny},
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Battelie PNNL/RSE/Inorganic Analysis... ICPAES Report

QcC Performance 6/20/2001

Critaria> <20% 80% - 120% | 75%-125% | 75%-125% | 75%-125% < +/-10%
811013
Qcip=| 01-1M3 & nene + Post|none + Post| @1/@5
011013 D | 01-1012-8S5 | M1-1012M5| Spike A Spike B Serial Dil
Analytes RPD (%) %Rec %Rac %Rec %Rec %Diff
Al 0.0 106.3 n.r. 2.8
Ba 1101 88.7
Ca 0.0 11.7 90.3
Cd 0.1 111.4 87.8
Cr 0.2 112.8 79.9
Fe 7.3 115.6 90.5
K 35 1$1.2 §7.3
La g0.1
Mg 118.7 92.5
Mn 115.1 93.0
Na 0.2 101.7 n.r. n.m.
Ni 0.1 117.7 78.1
P 0.1 110.0 80.4
Pb 2.8 116.0 89.6
Sr 0.0 111.3 n.r. 37
Other Analytes
Ag 107.1 884
As 109.2
B 5.9 n.r. 3.4
Be 108.5
Bi 111.0 87.5
Ce
Co 114.5
Cu 2.7 114.0 83.5
Dy
Eu
Li 114.9
Mo 0.7 a7
Nd
Pd 90.6
Rh 92.2
Ru 96.0
Sb
Se 109.4
Si 6.3 gv.7
Sn
Te
Th
Ti 85.0
T 108.8
U 89.3
v 1058
w
Y 106.4
Zn 0.5 118.0 91.6
Zr 91.6

Shaded resuils exceed acceptance criteria

Bold results for information only; LCS or Serical Dilution concentration iess than EQL.

n.r. = not recovered; spike conceniration fess than 20% of sample concentration
n/a = not applicable; KOH fiux and Ni crucible used for preparing samples.
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Batteile Pacific Northwest National Laboratory

Radiochemical Processing Group
Shielded Facility Operations Team

WT% SOLIDS DATA SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

CLIENT: _Hallen/Smith WORK PACKAGE: W57984 — Mult (Smith) ASR/ARF/LOITI: 6107
QAPLAN: SBMS IMPACT LEVEL: A//A PROCEDURE NO.: PNL-ALO-504
- 1] . ’ -~ 1 { . . ra
55( “2(2 (A!Ch&!dﬁd ,20[,'d5~ ﬂL(AZ Zbed
SAMPLE IDENTIFICATION
CLIENT TARE WEIGHT (A) (B)
ACL NUMBER ' SAMPLE WET WEIGHT | SAMPLE DRY WEIGHT WEIGHT % SOLIDS
IDENTIFICATION (9) PLUS TARE PLUS TARE
01-01017 LS-16 5. ¢67¢3 /R 5C 7/ 0.3%50 , 10.3934 43.79
01-01017-D LS-16-Duplicate 2. 2702 | s2.2389 16.3130, 10.3100 | 5/ .40
. /
B - TARE DATE/TIME IN: : OVEN TEMPERATURE: °C
WT% SOLIDS = ————— X 100 {/gf/a/ 2:30 /o5
A-TARE DATE/TIME OUT: £//2 /4y Fer5— OVEN TEMPERATURE: /p3 °C
BALANCE : CELL 2 (360-06-01-016) _ X
TEMPERATURE READOUT: o?//.b/ Expiration Date: /7//0 /
THERMOCOUPLE: 3//y Expiration Date: 4/ /0 2L
g Vit o/ AN Shifos
K/ /0 A /0
naly J Date Reviewer Date
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: R. Hallen Charge Code/Project: W57984 / 42365
RPL Numbers: 01-01014 to 01-01017 ASR Number: 6107
Analyst: MJ Steele Analysis Date: July 19/20/31, 2001

Procedure: PNL-ALO-381, "Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method"
M&TE: Carbon System (WA92040); Balance (360-06-01-023)

Analysis Results

Liquid TIC TIC TOC TOC TC TC
RPL # Sample ID ugC/mL RPD ugC/mL RPD ugC/mL RPD
01-01014 LS-12 8,540 12,000 20,500
01-01014 Dup LS-12 8,550 0% 12,200 2% 20,700 1%
01-01015 LS-13 7,930 11,500 19,400
01-01015 Dup LS-13 7,680 3% 11,400 1% 19,100 2%
01-01015 Trip LS-13 8,700 12,100 20,800
01-01016 LS-14 1,500 3,140 4,640
01-01016 Dup LS-14 1,500 0% 3,030 3% 4,540 2%
01-01016 MS Recovery 101% 99% 100%
BS/LCS (07-19-01) Recovery 102% 106%
BS/LCS (07-20-01) Recovery 103% 102%

Solid TIC TIC TOC TOC TC TC
RPL # Sample ID ugC/g RPD ugClg RPD ugClg RPD
01-01017 LS-16 18,500 6,190 24,700
01-01017 Dup LS-16 17,700 4% 6,960 12% 24,700 0%
01-01017 MS Recovery 104% 90% 97%
BS/LCS (07-31-01) Recovery 101% 102%

The TOC/TIC analyses of the samples submitted under ASRs 6107 are to be performed by both the
hot persulfate and furnace methods. This report presents the results from the hot persulfate wet
oxidation method. The hot persulfate method uses acid decomposition for TIC and acidic

potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being the sum
of the TIC and TOC.

The table above shows the results, rounded to two to three si gnificant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank, as per procedure PNL-ALO-381.

Q.C. Comments:

The standards for TIC and TOC supernatant analysis are liquid carbon standards from VWR. The

lot numbers and Chemical Management System (CMS) numbers for the standards are included on
the raw data benchsheets.
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

For TIC and TOC solids analysis pure chemical compounds are used as the calibration, as well as

matrix spiking, standards. The TIC analysis uses calcium carbonate and the TOC uses o-Glucose
(JT Baker, Aldrich, Sigma, and Mallinckrodt lot numbers and CMS numbers are provided on the
raw data benchsheets).

The QC for the methods involves calibration blanks, sample duplicates, laboratory control sample,
and matrix spikes. The ASR indicates that the analyses are to be performed to “Conducting

Analytical Work in Support of Regulatory Programs”. The performance of the QC samples is
compared to this QA Plan.

Laboratory Control Sample (L.CS)/Blank Spike(BS): A LCS/BS was analyze each day that the
samples were analyzed. The LCS/BSs for both the liquid analysis and the solids analysis were
within acceptance criteria of 80% to 120%.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. The matrix spikes for the LS-14 liquid sample and the LS-16 solids sample
demonstrate recoveries well within the acceptance criteria of 75% to 125% recovery.

Duplicates: The precision between the duplicates (replicates), as demonstrated by the Relative
Percent Difference (RPD) between sample and duplicate. The TIC and TOC RPD results are well
within the acceptance criteria of <20% RPD.

General Comments:

. The reported "Final Results” have been corrected for all dilution performed on the sample during processing or analysis.
. Routine precision and bias are typically +15% or better for non-complex samples that are free of interferences.

. The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times the MDL have higher uncertainties, and RPDs
are not calculated for any results less than 5 times the MDL. The analysis MDLs (total ug C) are based on 3 times the standard deviation of a
set of historical data. The sample MDLs (in ug C/ml or ug C/g) are calculated by using the analysis MDL adjusted for the sample volume or

weight.
. Some results may be reported as less than (<) values. These less than values represent the sample MDL (method detection limit), which is

the system MDL adjusted for the volume of sample used for the analysis. The system MDL is based on the atiached pooled historical blank
data. The evaluation and calculation of the system MDL is included in the data package.

v/
Report Prepared by: V4 //(I,//ﬂtN Date /O -0z ’d/
Review/Approval by: \/V) % m Date /(’) / 20 / 0/

Excel Archive File: ASR 6014L 6031L 6107L&S 6121L.xls
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PNNL Radiochemical Processing Group: TOC/TIC/TC Calculations **Review** Report - Hot Persulfate Method PNL-ALO-381

Analyzer M&TE: WC01713 -- 701

Client: Hallen _ i
Project: 42365 M Ky l Balance M&TE:  360-06-01-023
Work Pkg: CMC aa Y {00 | TOC STD: Glucose CSM-53219>>>  40.00% Carbon  <<[G]
Analyzed: July 31, 2001 NN AVl TIC STD: CaCO3 CMS-139285>>>  11.99% Carbon  <<[C]
ASR: 6107 N L
Raw TIC | Raw TOC TiC TOC Is Biank Std Dev <
{ug C) {ug C) 13.7 53.7 <<< Blank Average (ug C) Method Det Limit?
Blanks: Calibration blank (start of batch) 13.0 59.0 1.2 11.0 <<< Blank Std Dev {ug C) TIC Yes
Calibration blank (start of batch) 13.0 41.0 2.16 5.8 <<< Pooled Std Dev (ug C) TOC Yes
Calibration btank (end of batch) 15.0 61.0 6.5 17.3 <<< Method Det. Limit (ug C}
Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
[A] Raw B] [D] Std TiIC [E] Raw [F] [H] Std TOC
TIC (ug) Blk (ug) wt (g) % Rec TOC (ug) | Blk (ug) wt (g) % Rec
Standards: Calibration Standard (start of batch) 912 14 0.0076 98.6 595 54 0.0014 96.7
Calibration Standard (start of batch) 897 14 0.0076 96.9 605 54 0.0014 98.5
Calibration Standard (end of batch) 834 14 0.0069 99.2 754 54 0.0019 92.1
[L] Average TIC % Rec >>>> 98.2 <<[L] [P] Average TOC % Rec >>>> 95.8 <<[P]
Qc |Laboratory Control Sample (BS) | 2255 | 14 | o018 | 1012 | [ 1110 | 54 [ oo0027 | 1021 |
Formulas: Standard TIC % Recovery = ((A-B)/{((C/100)*D))* 10100 Matrix Spike Recoveries:
Standard TOC % Recovery = ((E-F)/((G/100)*H))*10*100 TIC % Recovery = (((Q-RY/(L/100))-S*T)*100/U
Sample TIC (ug C/ml or ug C/g) = (I-J)(K*L/100} TOC % Recovery = (({Q-R)/(P/100))-S*T)*100/U
Sample TOC (ug C/mi or ug C/g)= (M-N){(O*P/100) TC % Recovery = (((Q"“-R")(L/100)}-V )+ (((QT%-R™Cy(Pr100))-v %)) 100147+ T0C
Comments: Due to the precision carried in the spreadsheet, some results may appear to be slightly off due to rounding.
The Pooled SD is the averaged SD for a recent list of 12 sample batches. MDL is based upon the Pooled SD. MDL = 3 x pooled SD.
If either the Sample or Duplicate are < 5x mdl, then the RPD is not calculated and displayed as "n/a”.
TIC and TOC are measured; TC is the sum of the TIC and TOC results.
Sample Results Note: Sample weights are on "as received" basis; i.e., wet weight .
[1] Raw ] [K] Sam TIC TIC [M] Raw N] [O] Sam TOC TOC TC TC
ACL Number [Client Sample ID TIC (ug C) | Bik{ug C}| wt(g) {ug C/g) RPD (%) (TOC (ug C} Btk (ug C)] wt(g) (ug C/g) | RPD (%) | (ug Clg) {RPD (%)
01-01017 LS-16 2200 14 0.1201 18,533 765 54 0.1201 6,185 24,718
01-01017 Dup |LS-16 Dup 2625 14 0.1499 17,735 4 1052 54 0.1499 6,955 12 24,690 0
01-01017 MS  |LS-16 MS 2732 14 0.0939 see below 1468 54 0.0939 see below see below
(Note: For any TOC or TIC result displayed as “# (<md!)" the final reported "less than" concentration is calculated by dividing the Method Detection Limit by [K])
Matrix Spike Results
[Q) Raw MS|{R] MS BIk| [S}Sam {[T]MS Sam|[V] Sample] Spike |[U]Spike| MS
ACL Number |[Client Sample ID {ug C) {ug C) {ug Cl/g) wt {g) {ug C) wt (g) {ug C) [% Recovery
01-01017 MS  |TIC Recovery 2732 14 18533 0.0939 1740 0.0082 983 104.5 TIC
TOC Recovery 1468 54 6185 0.0939 581 0.0025 1000 89.6 TOC
Total Carbon Recovery (TIC + TOC) , , 1983 87.0 TC

Reviewer/date: Z/ZZ4 ﬂ 7/’&(/\ /0 0 L¢O /




HOT PERSULFATE WORKSHEET
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PNNL Radiochemical Processing Group: TOC/TIC/TC Calculations **Review** Report - Hot Persulfate Method PNL-ALO-381

Analyzer M&TE: WA92040 -- 701

Client: Fiskum, Urie, Hallen
Project : O \ Balance M&TE: 360-06-01-023
Work Pkg: \N\% \,)D TOC STD: VWR CMS#161356 0.10% Carbon  <<[G]
Analyzed: \O TIC STD: VWR CMS# 161355 0.10% Carbon  <<[C]
ASR: 6014, 6031, 6107 TIC TOC
Raw TIC | Raw TOC 12.5 52.7 <<< Blank Average (ug C) Is Blank Std Dev <
{ug C) {ug C) 2.7 14.3 <<< Blank Std Dev (ug C) Method Det Limit?
[Blanks: Calibration blank (start of batch) 7-19-01 9.4 55.0 2.16 58 <<< Pooled Std Dev (ug C) TIC Yes
Calibration blank (start of batch)7-19-01 9.8 50.0 6.5 17.3 <<< Method Det. Limit (ug C) TOC Yes
Calibration blank 7-19-01 14.0 35.0
Calibration blank 7-19-01 13.0 35.0
Calibration blank 7-20-01 15.0 61.0
Calibration blank 7-20-01 10.0 58.0
Calibration blank (end of batch) 7-20-01 16.0 75.0
Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
. [A] Raw [B] [D] Std TIC [E] Raw [F [H] Std TOC
TIC (ug) Bilk (ug) wt (g) % Rec TOC (ug) | Blk(ug) | wt(g) % Rec
[Standards: Calibration Standard (start of batch) 7-19-01 1007 12 1.0000 99.5 1007 53 1.0000 954
Calibration Standard (7-19-01) 970 12 1.0000 95.8 970 53 1.0000 91.7
Calibration Standard (7-19-01) 982 12 1.0000 97.0 995 53 1.0000 94.2
Calibration Standard (7-20-01) 1011 12 1.0000 99.9 1080 53 1.0000 102.7
Calibration Standard (end of batch) 7-20-01 970 12 1.0000 95.8 1081 53 1.0000 102.8
1.00000
[L] Average TIC % Rec >>>> 97.6 <<[L] [P] Average TOC % Rec >>>> 97.4 <<[P]
Qc Blank Spike/LCS 1004 12 1.0000 101.6 1080 53 1.0000 105.5
Blank Spike/LCS 1015 12 1.0000 102.8 1050 53 1.0000 102.4

IFormuIas:

Standard TIC % Recovery = ((A-BY({C/100)*D))*10"**100
Standard TOC % Recovery = ((E-F)/((G/100)‘H))'10'6‘100
Sample TIC (ug C/mi or ug C/g) = (I-J)/(K*L/100)

Sample TOC (ug C/ml or ug C/g)= (M-N)/(O*P/100)

Matrix Spike Recoveries:

TIC % Recovery = (((Q-R)/(L/100))-S*T)*100/U
TOC % Recovery = ({((Q-R)/(P/100))-S*T)*100/U
TC % Recovery = ({((Q"C-R")(L/100))-V"C)+(((Q"C-RTC)(P1100))-V °Cy)* 100/07'C* TOC

IComments:

Due to the precision carried in the spreadsheel, some resuits may appear o be slightly off due to rounding.
The Pooled SD is the averaged SD for a recent list of 12 sample batches. MDL is based upon the Pooled SD. MDL = 3 x pooled SD.

If either the Sample or Duplicate are < 5x mdl, then the RPD is not calculated and displayed as "n/a".
TIC and TOC are measured; TC is the sum of the TIC and TOC resuits.

Tab: Worksheet Liquids

Archive

File:
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Sample Results

Note: Sample weights are on “as received” basis; i.e., wet weight

[1] Raw [ [K] Sam TIC TIC [M] Raw N] [O] Sam TOC TOC TC TC
ACL Number |[Client Sample ID (Liquids) TIC (ug C) | Blk (ug C)] Vol (ml) | (ug C/mi) | RPD (%) [TOC (ug C]Bik (ug C)| Vol (ml) | (ug C/ml) | RPD (%) | (ug C/ml) | RPD (%)
01-0414 AW101 Stock 150 12 0.10 1,410 220 53 0.10 1,718 3,128
01-0414 Dup AW101 Stock 294 12 0.20 1,443 2 391 53 0.20 1,737 1 3,180 2
01-0414 Trip AW101 Stock 1410 12 1.00 1,433 1800 53 1.00 1,794 3,227
01-0414 MS AW101 Stock 1719 12 0.50 see below 1899 53 0.50 see below see below
01-1203 AP1-Tc-0-C 570 12 0.10 5,715 217 53 0.10 1,687 7,402
01-1203 Dup  |AP1-Tc-0-C 600 12 0.10 6,023 5 207 53 0.10 1,584 6 7,607 3
01-1203 MS AP1-T¢c-0-C 1040 12 0.10 see below 675 53 0.10 see below see below
01-520 PB Hot Cell Blank 22 12 1.00 10 41 53 1.00 -12 (<mdl) 10
01-520 A AP101-DFA 2620 12 0.50 5,346 855 53 0.50 1,648 6,993
01-520 A Dup [AP101-DFA 2630 12 0.50 5,366 0 854 53 0.50 1,646 0 7,012 0
01-0520 B AP101-DFB 2671 12 0.50 5,450 848 53 0.50 1,633 7,084
01-0520 B Dup (AP101-DFB 2570 12 0.50 5,243 4 835 53 0.50 1,607 2 6,850 3
01-0520 8 MS |AP101-DFB 3617 12 0.50 see below 1748 53 0.50 see below see below
01-01014 LS-12 4180 12 0.50 8,544 5885 53 0.50 11,977 20,521
01-01014 Dup |LS-12 4185 12 0.50 8,554 0 5975 53 0.50 12,162 2 20,716
01-01015 LS-13 1560 12 0.20 7,932 2290 53 0.20 11,486 19,418
01-01015 Dup |LS-13 762 12 0.10 7,683 3 1160 53 0.10 11,370 1 19,053 2
01-01015 Trip |LS-13 1710 12 0.20 8,701 2415 53 0.20 12,128 20,829
01-01016 LS-14 451 12 0.30 1,498 970 53 0.30 3,140 4,638
01-01016 Dup |LS-14 746 12 0.50 1,504 0 1530 53 0.50 3,034 3 4,538 2
01-01016 MS  |LS-14 1725 12 0.50 see below 2550 53 0.50 see below see below
(Note: For any TOC or TIC result displayed as "# (<mdl)" the final reported "less than" concentration is calculated by dividing the Method Detection Limit by [K])
Matrix Spike Results
[Q] Raw MS|[R] MS Bik| [S] Sam ([T] MS Sam|[V] Sample] Spike |{U] Spike MS
ACL Number |Client Sample ID (ug C) (ugC) | (ugC/ml){ Vol (ml) (ug C) wt (g) {ug C) |% Recovery
01-0414 MS TIC Recovery 1719 12 1410 0.50 705 1.0000 1000 104.4 TIC
TOC Recovery 1899 53 1718 0.50 859 1.0000 1000 | 103.7 TOC
Total Carbon Recovery (TIC + TOC) 2000 104.1 TC
01-1203 MS TIC Recovery 1040 12 5715 0.10 572 0.5000 500 96.4 TIC
TOC Recovery 675 53 1687 0.10 169 0.5000 500 94.1 TOC
Total Carbon Recovery (TIC + TOC) 1000 95.2 TC
01-0520 B MS |TIC Recovery 3617 12 5450 0.50 2725 1.0000 1000 97.0 TIC
TOC Recovery 1748 53 1633 0.50 817 1.0000 1000 92.4 TOC
Total Carbon Recovery (TIC + TOC) 2000 94.7 TC
01-01016 MS  |TIC Recovery 1725 12 1498 0.50 749 1.0000 1000 100.6 TIC
TOC Recovery 2550 53 3140 0.50 1570 1.0000 1000 99.4 TOC
Total Carbon Recovery (TIC + TOC) , 2000 100.0 TC
Reviewer/date: \7// W %ﬂv /O -02 .0 /
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
PO Box 999, Richland, WA 99352

Client R. Hallen Charge Code/Project: W57984 /42365
RPL Numbers: 01-1014 to 01-1017 ASR Number: 6107
Analyst: M]J Steele Analysis Date: 8/22, & 8/23 2001

Procedure: PNL-ALO-380, "Determination of Carbon in Solids Using the Coulometrics Carbon
Dioxide Coulometer"
M&TE: Carbon System (WD13071); Balance (360-06-01-023).

ample ID.
01-01014 _|Ls-12 , 180 | 15,500 | 220 | 21,200
01-01014Dup  JLS-12 220 | 21,200
RPD 0%
01-01015 LS-13 220 nd 180 | 22,300 | 220 | 19,000
01-01016 LS-14 90 850 180 3,550 90 4,400
01-01016 Dup  |LS-14 90 900 180 3,370 90 4,270
RPD 5% 3%
01-01015 MS LS-13 107%
01-01016 MS LS-14 105%
BS/LCS Blank Spike/LCS 96% 94%
RPL Number: = |Sample ID" ~ 7| ugClg | ugClg | "ugClg | ugCrg®| ugCrg | ugClg’
01-01017 LS-16 Washed Solids 190 nd 400 | 22,700 | 190 | 28,000
01-01017 Dup  |LS-16 Washed Solids 129 5,400 240 | 23,100 | 130 | 28,500
RPD 2% - 2%
01-01017MS LS-16 Washed Solids 100% 111%
BS/LCS Blank Spike/LCS 99% 104%

nd = not detected (i.e., TC results > TOC results)
(a) TIC MDL set to TC MDL
(b) TIC is determined by difference (TC - TOC)

The TOC/TIC analyses of the samples submitted under ASRs 6107 were to be performed by both
the hot persulfate and furnace methods. This report presents the results from the furnace oxidation
method and the results are compared to the results obtained from the hot persulfate method.
Determination of total organic carbon (TOC) is performed by combusting an aliquot of the sample
(solids or liquid) in oxygen at 750 °C for 30 minutes. The total carbon is determined on another

aliquot of the sample by combusting at 1000 °C for 30 minutes. The total inorganic carbon is
obtained by difference.

The table above shows the results, rounded to two to three si gnificant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
PO Box 999, Richland, WA 99352

corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank, as per procedure PNL-ALO-380.

Q.C. Comments:

The calibration and QC standards for TC and TOC analysis are liquid or solid carbon standards or
pure chemicals from JT Baker, Aldrich, Sigma, and Mallinckrodt. The identification of the
standards and their Chemical Management System (CMS) numbers are included on the raw data
benchsheets.

The coulometer analysis system calibration is checked by analyzing calibration standards at the
beginning, middle, and end of each day’s run. The average recovery from these calibration check
standards is applied as a correction factor to the ‘raw data’ results obtained for the samples. The
average recovery for the two analysis days was 100%, and 98%.

System blanks were analyzed similarly to the calibration check, averaged, and subtracted from the
sample ‘raw data’ results prior to calculating the final reported result. The TOC determination
produced an average blank of 15 pgC. The TC determination produced an average blank of 54 pgC.
The 54 pgC blank level is unusually high; however, the reproducibility of the blank was reasonably
good (i.e., 49 to 59 ugC).

For each days analysis run, the QC for the analyses include sample duplicates, blank spikes (as a
laboratory control sample), and matrix spikes.

Blank Spike/Laboratory Control Sample: The BS/LCS was within acceptance criteria of 80% to

120% required by the governing QA Plan for both the TC and TOC analysis of the liquid and solids
samples.

Duplicates: The precision between the duplicates (replicates), as demonstrated by the Relative
Percent Difference (RPD), is within the acceptance criteria of the governing QA Plan (i.e., <20%).

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. The TOC and TC matrix spike for both the liquids and solids samples

demonstrates recoveries between 100% and 111%, which are within the acceptance criteria of 75%
to 125%.

Furnace Results Compared to Hot Persulfate Results

P |TC Furn
)Results
ugC/mL

TIC HP TIC Furn|TOC ]
Results |Results'?] Resul
| ugC/mL | ugCh

RPL Number |SampleID

01-01014 LS-12 5,700 21,200
01-01015 LS-13 nd 19,000
01-01016 850 4,400

: TICFurn C: TC"E“‘?Q

'RPL°Number: e
01-01017 LS-16 Washed Solids
nd = not detected (i.e., TOC result > TC result)
(a) TIC Furn is determined by difference (TC - TOC)
(b) TC HP is determined by sum (TIC + TOC)

ugClg| ugCrg
24,700 | 28,000
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
PO Box 999, Richland, WA 99352

The two method appear to produce comparable results for TC, with the furnace producing slightly
higher results. However, there are significant differences between the TIC and TOC results
reported by each method. The reason for the discrepancy between the hot persulfate method and
furnace method is unknown, but it appears that the inorganic carbon, perhaps in the form of easily
oxidized metal carbonates, is being combusted at 750 °C (as TOC) with the furnace method.
Typically, the furnace method provides the best TC results and the hot persulfate the best TIC
results, thus the TOC would be the difference between these measurements. Based on the furnace
TC result for sample LS-16, the TOC result from the hot persulfate method may be about 30% low.

General Comments:

e The reported "Final Results" have been corrected for all dilution performed on the sample during processing or analysis.
. Routine precision and bias are typically £15% or better for non-complex samples that are free of interferences.

. For both the TC and TOC, the analysis Method Detection Limit (MDL) is based on the standard deviation calculated from the number (n)
of system blanks analyzed with the batch of samples. The standard deviation is multiplied by the Student’s ¢ values for n-1 degrees of
freedom to establish the daily MDL. The sample MDL (in ug C/ml or ug C/g) are calculated by using the analysis MDL adjusted for the
sample volume or weight.

. Some results may be reported as less than (“<") values. These less than values represent the sample MDL (method detection limit),
which is the system MDL adjusted for the volume of sample used for the analysis.

. The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times the MDL have higher uncertainties, and
RPDs are not calculated for any results less than § times the MDL.

Report Prepared by: W‘//o(/ Date_/Z"/7\ 0/
Review/Approval by: \(\/\Q{}/ Wk Date | — 35— 02

Raw Data Calculation/Archive Information:
ASR 6019L&S 6025L 6031L 6107S.xls

ASR 6014 6104 5105 6106 6107 6155 6162 6192.xls J
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

Sample LS-16 (washed solids) from Analytical Service Request (ASR) 6107 were prepared by KOH
fusion per PNL-ALO-115 and by acid digestion per PNL-ALO-129. The fusion and digestion were
petformed in the Shielded Analytical Laboratory. The fusion used approximately 0.2 g of sample
diluted to a final volume of 100 mL, and the acid digestion used approximately 0.1 g of sample
diluted to a final volume of about 28 mL.

Table 2 in the ASR identified the analytes of interest, which include nearly all the standard analytes
measured by the ICPAES. The quality control (QC) results for each of these analytes have been
evaluated and are presented below. Analytes other than those detected as part of the ICPAES
analysis are reported, but have not been fully evaluated for QC petformance. For those samples
prepared from the KOH fusion process, neither K nor Ni (i.e,, the fusion crucible material) is
reported.

The attached ICPAES Results (4 pages) presents the final results. The fusion results are from
measurement of the fusion preparations following an additional 2x dilution at the ICPAES. The
acid digestion results ate from measurements made at 1x or 2x dilution at the ICPAES, except for
Mn and St which had to be diluted by at least 5x to ensure that the Mn and St were within the linear
calibration range. The ICPAES measurement results are reported in pg/g of as-received solids and
have been corrected for all dilutions resulting from sample processing. Two set of fusion results
are included in the report. The initial results on the 06-04-2001 run produced very poor precision
between the duplicates; the 07-03-2001 reanalysis of the fusion preparation confirmed that the poor
precision was due to the sample heterogeneity or preparation error, and not due to the ICPAES
analysis.

The following is a list of quality control measurement results relative to ICPAES analysis
requirements of the controlling QA plan. For the fusion processing, a fusion processing blank,
laboratory control sample (Montana Soil SRM), and duplicate were prepared with the sample. No
matrix spike was prepared since spiking of acid-based standards into the caustic fusion impacts the
fusion preparation. Post spikes were used to assess matrix interferences. For the acid digestion
processing, the QC included a matrix spike.

Process Blank:
Fusion: Concentrations of analytes of interest measured in the process blank were all within
acceptance criteria of < EQL (estimated quantitiation level) or less than <5% of the
concentration in the sample.

Acid Digestion: No analytes of interest were detected in the acid digestion blank above the
method detection limit (MDL), and clearly meets the processing blank acceptance criteria.

Laboratory Control Sample (LCS):
Fusion: The LCS for the fusion preparation is Montana Soil SRM 2710. This LCS does not

contain all the analytes of interest, but is considered the best available material for evaluating
the fusion processing. The LCS recoveries for analytes of interest were within the acceptance
criteria of 80% to 120%, except Na which recovered slightly high at 122%.

9/19/2001 ASR 6107 Solids Hallen.doc Page 2 of 4



Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

4
.

Acid Digestion: The LCS for the acid digestion preparation is a blank spike prepared from
two standard solutions (i.e., 010514i901 and 0105141902). This LCS include most, but not all
of the analytes of interest defined by the ASR. The following analytes are not included in the
LCS - B, Be, Ce, Co, Dy, Eu, Li, Nd, Sb, Sn, Th, V,and Y. Forall other analytes of interest,
the LCS recoveries were within the acceptance criteria, except Ag which recovered slightly low
at about 73%.

Duplicate Relative Percent Difference (RPD):
Fusion: For those analytes of interest measured above the EQL, the RPDs were within the
acceptance criteria of <20%, except Ca and Fe. Overall the fusion preparation demonstrated
very poor precision between the duplicates. Since there was no results trend (i.e., all analytes
in one sample being lower than the other, suggesting a weighing or processing error), sample
heterogeneity and use of very small sample sizes is suspected to cause the poor precision.

Acid Digestion: For all analytes of interest measured above the MDL (and the EQL), the
RPD were within the acceptance criteria.

Matrix Spiked Sample:
Fusion: No matrix spike is prepared in the fusion processing.

Acid Digestion: The matrix spike recoveries for the analytes of interest fall into three
categories. 1) those analytes for which a matrix spike element was not included in the matrix
spiking solution (see list under LCS), 2) those analytes that have spike concentrations less than
20% of the sample concentration (i.e., Al, Cr, Fe, Mn, Na, and Sr) making the spike recovery
calculation meaningless, and 3) those analytes that demonstrated matrix spike recoveries within
the acceptance criteria. For those analytes falling into categories 1) and 2), post spiking of the
digestate (or in some cases serial dilution) is used to evaluate matrix intetference issues.

Post-Spiked Samples (Spike A Elements):
Fusion: All post-spiked analytes of interest in samples tested were recovered within tolerance
of 75% to 125%, except Al, Mn, and St (as well as K and Ni which are not reported for the
fusion preparation). The post spike analysis uses a general spiking solution intended to be
usable on the majority of sample analyzed by ICPAES. However, for the sample selected for
post spiking, the spike concentration for Al, Mn, and St was less than 20% of the sample
concentration and the recovery results are considered meaningless. For these analytes, the use
of serial dilution results is required to evaluate potential matrix interferences.

Acid Digestion: All post-spiked analytes of interest in samples tested were recovered within
tolerance of 75% to 125%, except Al, Mn, and Sr. The post spike analysis uses a general
spiking solution intended to be usable on the majority of sample analyzed by ICPAES.
However, for the sample selected for post spiking, the spike concentration for Al, Mn, and Sr
was less than 20% of the sample concentration and the recovery results are considered
meaningless. For these analytes, the use of serial dilution results is required to evaluate
potential matrix interferences.

9/19/2001 ASR 6107 Solids Hallen.doc Page 3 of 4
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Battelle PNNL/RS&E/Inorganic Analysis ... ICPAES Analysis Report

Sample LS-16 (washed solids) from Analytical Service Request (ASR) 6107 was prepared by
KOH fusion per PNL-ALO-115 and by acid digestion per PNL-ALO-129. The fusion and
digestion were performed in the Shielded Analytical Laboratory. The fusion used approximately
0.2 g of sample diluted to a final volume of 100 mL, and the acid digestion used approximately
0.1 g of sample diluted to a final volume of about 28 mL.

Table 2 in the ASR identified the analytes of interest (AOIs), which included nearly all of the
standard analytes measured by the ICPAES instrument. The quality control (QC) results for each
of these analytes have been evaluated and are presented below. Analytes other than those
specified as AOIs are reported, but have not been fully evaluated for QC performance. For those
samples prepared from the KOH fusion process, neither K nor Ni (i.e., the fusion crucible
material) are reported.

The attached ICPAES Results (5 pages) presents the final results. The fusion results are from
measurement of the fusion preparations following an additional 2x dilution at the ICPAES. The
acid digestion results are from measurements made at 1x or 2x dilution at the ICPAES, except
for Mn and Sr which had to be diluted by at least 5x to ensure that the Mn and Sr were within the
linear calibration range. The ICPAES measurement results are reported in pg/g of as-received
solids and have been corrected for all dilutions resulting from the sample processing. Two set of
fusion results are included in the report. The initial results from the 06-04-2001 run produced
very poor precision between the duplicates; the 07-03-2001 reanalysis of the fusion preparation
confirmed that the poor precision was due to sample heterogeneity or preparation error, and not
due to errors in the ICPAES analysis.

The following is a list of quality control measurement results relative to ICPAES analysis
requirements of the controlling QA plan. For the fusion processing, a fusion processing blank,
laboratory control sample (Montana Soil SRM-2710), and duplicate were prepared with the
sample. No matrix spike was prepared since spiking of acid-based standards into the caustic
fusion impacts the fusion preparation. Post spikes were used to assess matrix interferences. For
the acid digestion processing, the QC included a matrix spike.

Process Blank:
Fusion: Concentrations of analytes of interest measured in the process blank were all
within the acceptance criteria of <EQL (estimated quantitation level = 10 x MDL) or less
than <5% of the concentration in the sample.

Acid Digestion: No analytes of interest were detected in the acid digestion blank above the
method detection limit (MDL).

Laboratory Control Sample (LCS):
Fusion: The LCS for the fusion preparation was Montana Soil SRM-2710. This LCS does
not contain all of the analytes of interest, but is considered to be the best available material
for evaluating the fusion processing. The LCS recoveries for all analytes of interest were
within the acceptance criterion of 80% to 120%.

Acid Digestion: The LCS for the acid digestion preparation is a blank spike prepared from
two standard solutions (i.e., 0105141901 and 0105141902). This LCS included most, but
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not all of the analytes of interest defined by the ASR. The following analytes are not
included in the LCS; B, Be, Ce, Co, Dy, Eu, Li, Nd, Sb, Sn, Th, V, and Y. For all other
analytes of interest, the LCS recoveries were within the acceptance criterion.

Duplicate Relative Percent Difference (RPD):
Fusion: For those analytes of interest measured above the EQL, the RPDs were within the
acceptance criterion of <20%, except for Ba (on 6/4/01), Ca, and Fe. Overall the fusion
preparation demonstrated very poor precision between the duplicates. Since there was no
particular trend in the results (i.e., all analytes in one sample being lower than the other,
suggesting a weighing or processing error), sample heterogeneity and use of very small
sample size is suspected to be the cause of the poor precision.

Acid Digestion: For all analytes of interest measured above the MDL (and the EQL), the
RPD were within the acceptance criterion.

Matrix Spiked Sample:
Fusion: No matrix spike is prepared in the fusion processing.

Acid Digestion: The matrix spike recoveries for the analytes of interest fell into three
categories; 1) those analytes for which a matrix spike element was not included in the
matrix spiking solution (see list under LCS), 2) those analytes that had spike
concentrations less than 20% of the sample concentrations (i.e., Al, Cr, Fe, Mn, Na, and
Sr) making the spike recovery calculation meaningless, and 3) those analytes that
demonstrated matrix spike recoveries within the acceptance criterion of 75% to 125%. For
those analytes falling into categories 1 and 2, post spiking of the digestate (or in some
cases, serial dilution) must be used to evaluate matrix interference issues.

Post-Spiked Samples (Spike A Elements):
Fusion: All post-spiked analytes of interest in the samples tested were recovered within the
acceptance criterion of 75% to 125%, except for Al, Mn, and Sr (as well as K and Ni
which are not reported for the fusion preparation). The post spike analysis uses a general
spiking solution intended to be usable on the majority of sample analyzed by ICPAES.
However, for the present sample, the spike concentration for Al, Mn, and Sr was less than
20% of the sample concentration and thus the recovery results are considered meaningless.
For these analytes, the use of serial dilution results is required to evaluate potential matrix
interferences.

Acid Digestion: All post-spiked analytes of interest in samples tested were recovered
within the acceptance criterion of 75% to 125%, except for Al, Mn, and Sr. As discussed
above, the post spike analysis uses a general spiking solution intended to be usable on the
majority of sample analyzed by ICPAES. However, for the present sample, the spike
concentration for Al, Mn, and Sr was less than 20% of the sample concentration and thus
the recovery results are considered meaningless. For these analytes, the use of serial
dilution results is required to evaluate potential matrix interferences.
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Post-Spiked Samples (Spike B Elements):

Fusion: All post-spiked analytes of interest in the sample were recovered within the
acceptance criterion of 75% to 125%.

Acid Digestion: All post-spiked analytes of interest in the sample were recovered within
the acceptance criterion of 75% to 125%.

Serial dilution (Percent Difference):

Fusion: Percent differences (%Ds) are listed for all analytes that had a concentration >
EQL in the diluted sample. Five-fold serial dilution was required for Al, Mn, and Sr since
the post spike concentrations were less than 20% of the sample concentration (i.c.,
recoveries could not be evaluated). The %Ds were within the acceptance criterion of
+10% for all AOls, including Al, Mn and Sr.

Acid Digestion: Percent differences (%Ds) are listed for all analytes that had a
concentration = EQL in the diluted sample. Five-fold serial dilution was required for Al,
Mn, and Sr since the post spike concentrations were less than 20% of the sample
concentration (i.e., recoveries could not be evaluated). The %Ds were determined from
the 1x and 5x dilutions, and except for Mn and Sr, were within the acceptance criterion of
£10% for all AOIs. Unfortunately, %Ds could not be determined for Mn and Sr because
these analytes exceeded the upper calibration range for the 1x dilution, and no additional
serial dilution beyond 5x was performed. However, the matrix spike was analyzed at 1x,
5x, and 25x, and the %Ds calculated for Mn and Sr for the 5x and 25x dilutions were 3.2
and 3.4%, respectively. The quantity of spike added to the MS sample is significantly less
than 20% of the sample concentration; therefore, the %Ds determined from the MS are
considered to be representative of the LS-16 sample.

Other QC:

Measured concentrations for europium in the Initial Calibration Verification (ICV) runs
were consistency high, at or just above the acceptance criterion of +£10%. This has
minimal significance to the present data, however, since the concentration of europium in
the sample was < MDL. All other instrument-related QC tests for the AOIs passed within
the appropriate acceptance criteria.

Comments:

1

2)

3)

4)
5)

“Final Results” have been corrected for all laboratory dilutions performed on the samples during
processing and analysis, unless specifically noted.

Instrument detection limits (IDL) shown are for acidified water. Detection limits for other matrices may be
determined if requested. Method detection limits (MDL) can be estimated by multiplying the ‘Multiplier’
by the IDL. Estimated quantitation limit (EQL) is equal to 10 x MLD.

Routine precision and bias is typically £15% or better for samples in dilute, acidified water (e.g. 2% v/v
HNO; or less) at analyte concentrations greater than ten times detection limit up to the upper calibration
level. This also presumes that the total dissolved solids concentration in the sample is less than 5000
pg/mL (0.5 per cent by weight). Note that bracketed values listed in the data report are within ten times
instrument detection limit (adjusted for processing factors and laboratory dilutions) and have a potential
uncertainty much greater than 15%.

Absolute precision, bias and detection limits may be determined on each sample if required by the client.
The maximum number of significant figures for all ICP measurements is two.
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 Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report Page 1 of 5

Run Date= 7/3/2001 7/3/2001 7/3/2001 7/3/2001 7/3/2001
Multiplier= 267.0 289.4 1447.0 507.2 1267.9
01-1017-DUP| 01-1017-
RPL/LAB #= | 01-1017-B 01-1017 01-1017 @5 @2 DUP @5
Instr. Det. Process
Limit (IDL) Client ID= Blank LS-16 LS-16-DUP
(ug/mL) (Analyte) ug/g uglg ug/g uglg ug/g
0.025 Ag -- [15] [13]
0.060 Al - 83,400 81,200
0.050 B -- [26] --
0.010 Ba - 151 146
0.010 Be -- [10] [9.7]
0.250 Ca -- 3,210 3,390
0.015 Cd - [32] [33]
0.200 Ce - [250] [240]
0.050 Co - -- --
0.020 Cr - 5,290 5,250
0.025 Cu -- [14] -
0.050 Dy -- - --
0.100 Eu -- -- --
0.025 Fe - 8,170 8,280
2.000 K -- -- --
0.050 La -- 413 400
0.030 Li -- 193 186
0.100 Mg - - [130]
0.050 Mn -- over range 68,200 over range 65,700
0.050 Mo - [53] [55]
0.150 Na - 191,000 204,000
0.100 Nd - [190] 735
0.030 Ni - 216 234
0.100 P -- 1,600 1,770
0.100 Pb -- 854 832
0.750 Pd - [450] [380]
0.300 Rh -- -- -
1.100 Ru - -- -
0.500 Sb - -- o=
0.500 Si -- 10,300 10,400
0.500 Sn - -- -
0.015 Sr - over range 94,900 over range 98,400
1.000 Th - -- -
0.025 Ti - [36] [39]
2.000 U -- [850] -
0.050 \ - - -
0.050 Y -- [70] [66]
0.050 Zn - 309 299
0.050 Zr -- 325 310
Other Analytes
0.250 As -- -- -
0.100 Bi [29] -- -
0.250 Se -- - o
0.500 Te == - -
0.500 TI - - -
0.500 W - - -

1) "-"indicates the value is < IDL. The method detection limit (MDL) = IDL times the "multiplier"

near the top of each column. The estimated quantitation limit (EQL) = 10 times the MDL.

2) Overall error for values > EQL is estimated to be within +15%.

3) Values in brackets [ ] are > MDL but < EQL, with errors likely to exceed 15%.

na = not applicable; KOH flux and Ni crucible or Na ; O , flux and Zr crucible used for preparing samples.
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Run Date= 6/4/2001 6/4/2001 6/4/2001 7/3/2001 7/3/12001 7/3/12001
Multiplier= 1058.8 1089.3 1029.9 1058.8 1089.3 1029.9
01-01017- | 01-01017-Ni | 01-01017- | 01-1017-Ni- | 01-1017-Ni | 01-1017-Ni-
RPL/LAB #= | Blank-Ni @2 @2 DUP-Ni@2 | BLK @2 @2 DUP @2
Instr. Det. Process LS-16-Ni- Process LS-16-Ni-
Limit (IDL) Client ID= Blank-Ni LS-16-Ni DUP Blank-Ni LS-16-Ni DUP
(ug/mL) (Analyte) ug/g uglg uglg ugl/g uglg ugl/g
0.025 Ag -- [36] [39] -- [35] [29]
0.060 Al [240] 80,500 68,900 [210] 81,700 70,000
0.050 B -- [67] [66] - [61] [58]
0.010 Ba -- 201 123 - 146 124
0.010 Be - - -- - - “
0.250 Ca -- 3,680 2,780 [310] 3,410 2,770
0.015 Cd - [52] [68] - [43] [59]
0.200 Ce . [330] [340] o [240] [230]
0.050 Co .- [56] [120] - - [100]
0.020 Cr [37] 5,430 4,650 [35] 5,390 4,560
0.025 Cu - - - s e =
0.050 Dy - -- -- - - -
0.100 Eu - - -- - - -
0.025 Fe 335 8,970 7,310 327 8,990 7,280
2.000 K na na na na na na
0.050 La - [370] [330] - [360] [310]
0.030 Li -- [190] [170] - [180] [160]
0.100 Mg [110] [220] [220] - [180] [160]
0.050 Mn [94] 65,300 55,200 [95] 64,400 54,100
0.050 Mo - (82] [86] o [71] [72]
0.150 Na 3,040 186,000 205,000 3,560 191,000 213,000
0.100 Nd [160] [790] [720] [120] [730] [630]
0.030 Ni na na na na na na
0.100 P [140] 2,170 2,210 [110] 2,070 2,070
0.100 Pb (180] [900] [860] [130] [800] [700]
0.750 Pd - - [790] - - -
0.300 Rh -- - -- - -- -
1.100 Ru - - - - -- -~
0.500 Sb -- .- - - - -
0.500 Si - 15,300 13,400 -- 15,500 13,500
0.500 Sn - - - -- -- --
0.015 Sr - 89,800 75,400 - 95,200 79,000
1.000 Th - -~ - == - -
0.025 Ti -- [100] [130] - [97] [130]
2.000 u [2,500] [2,800] [3,300] -- - --
0.050 \ - -- -- - -- --
0.050 Y - [65] [58] - [60] [52]
0.050 Zn - [460] [330] - [310] [310]
0.050 Zr - [130] [130] - [120] [120]
Other Analytes
0.250 As - -- - - == ==
0.100 Bi = .- [130] o - [110]
0.250 Se - - - -- -- --
0.500 Te - -- -- -= == -
0.500 Tl - . - -- - -
0.500 W - - - -- - -

1) "-"indicates the value is < IDL. The method detection limit (MDL) = IDL times the "multiplier"
near the top of each column. The estimated quantitation limit (EQL) = 10 times the MDL.
2) Overall error for values > EQL is estimated to be within +15%.
3) Values in brackets [ ] are > MDL but < EQL, with errors likely to exceed 15%.

na = not applicable; KOH flux and Ni crucible or Na , O , flux and Zr crucible used for preparing samples.
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QC Performance 6/4/01

Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

Criteria> <20% 80% - 120% | 75%-125% 75%-125% 75%-125% <110%
01-01017-Ni 01-01017-Ni | 01-01017-Ni
QcC ID= 01-01017-Ni & LCs MS + Post Spike | + Post Spike @1/@5
01-01017-Ni-D | SRM-2710 (none) A B Serial Dil
Analytes RPD (%) %Rec %Rec %Rec %Rec %Diff
Ag 89
Al 15.7 99 nr 1.9
B 104
Ba 48,1 93 98
Be 110
Ca 28.0: 104 103
Cd 104
Ce 103
Co 107
Cr 15.4 117 3.1
Cu 88 81
Dy 98
Eu 104
Fe 203" 101 105 3.2
K na na na na
La 97
Li 99
Mg 107 109
Mn 16.8 105 nr 4.1
Mo 104
Na 9.9 96 112 4.3
Nd nr 101
Ni na na na na
P 2.0 101 107
Pb 102 110
Pd 135
Rh 116
Ru
Sb 110
Si 13.3 nr 111
Sn 124
Sr 17.4 98 nr 0.9
Th 101
Ti 90 98
u nr 99
Vv 100
Y 98
Zn 102 107
Zr 102
Other Analyte
As 114
Bi 100
Se 115
Te 110
TI 105
w

Shaded results exceed acceptance criteria

Bold results for information only - spiked concentration less than EQL

nr = not recovered; spike concentration less than 20% of sample concentration.

na = not applicable; KOH flux and Ni crucible or Na , O ; flux and Zr crucible used for preparing samples.
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

Criteria> <20% <20% 80% -120% | 75%-125% | 75%-125% | 75%-125%
01-01017 & | 01-01017 + | 01-01017 +
QcC iD= 01-01017 & 01-01017-Ni & 01-01017- | Post Spike | Post Spike
01-01017-D 01-01017-Ni-D BS MS A B
Analytes RPD (%) RPD (%) %Rec %Rec %Rec %Rec
Ag 81 104 102
Al 24 155 101 nr nr
B 104
Ba 3.8 15.9 101 97 101
Be 106
Ca 4.3 2000 101 101 102
Cd 101 100 101
Ce 112
Co 106
Cr 2.6 16.5 101 nr 103
Cu 103 103 106
Dy 103
Eu 110
Fe 3.6 210 104 nr 105
K na 92 93 99
La 2.8 101 101 100
Li 2.5 103
Mg 103 105 109
Mn 17.3 104 nr nr
Mo 106
Na 5.7 10.8 101 nr 101
Nd 2.7 102 101 102
Ni 7.0 na 103 98 107
P 1.7 0.1 100 101 101
Pb 14 103 102 104
Pd 99 107
Rh 101 101
Ru 98
Sb 101
Si 2.1 13.9 95 80 108
Sn
Sr 18.6 102 nr nr
Th 103
Ti 98 97 101
U 101 104 100
\'J 98
kg 104
Zn 3.6 103 101 106
Zr 23 101 102 102
Other Analytes
As 105
Bi 100 100 102
Se 105
Te
TI 105
w

Shaded results exceed acceptance criteria

Bold results for information only - spiked concentration less than EQL

nr = not recovered; spike concentration less than 20% of sample concentration.
na = not applicable; KOH flux and Ni crucible or Na , O , flux and Zr crucible used for preparing samples.
(a) = Value for matrix spike at 5x/25x dilutions (see text).

Page 4 of 5
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QC Performance 7/3/01

Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

Criteria> <20% 75%-125% 75%-125% <+10% < +10%
01-01017-Ni + 01-01017-Ni + 01-01017 01-01017-Ni
QCID= 01-01017 & Post Spike Post Spike @1@5 @2/@10
01-01017-D A B Serial Dil Serial Dil
Analytes RPD (%) %Rec %Rec %Diff %Diff
Ag 97
Al 24 nr 03 1.6
B 100
Ba 3.8 95 0.5
Be 106
Ca 4.3 99
Cd 99
Ce 104
Co 108
Cr 2.6 93 4.0 4.6
Cu 78
Dy 101
Eu 107
Fe 3.6 100 7.0 4.3
K na na
La 2.8 99
Li 25 97
Mg 105
Mn nr 3.2 (a) 5.2
Mo 101
Na BT 91 0.6 22
Nd 2.7 103
Ni 7.0 na na
P 1.7 101 10.0
Pb 11 104
Pd 124
Rh 110
Ru
Sh 104
Si 2.1 105 0.7
Sn
Sr nr 3.4 (a) 0.9
Th 102
Ti 95
U 105
\'; 97
Y 94
Zn 3.6 102
Zr 2.3 100
Other Analytes
As 109
Bi 99
Se 110
Te
T 104
w

Shaded results exceed acceptance criteria
Bold results for information only - spiked concentration less than EQL
nr = not recovered; spike concentration less than 20% of sample concentration.
na = not applicable; KOH flux and Ni crucible or Na , O , flux and Zr crucible used for preparing samples.

(a) = Value for matrix spike at 5x/25x dilutions (see text).

Page 5 of 5
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Serial Dilution:

Acid Digestion: Serial Dilution (@5x) was performed for Al, Mn, and Sr since the post spike
concentrations for these analytes were <20% of the sample concentration (i-e., recoveries could not
be evaluated). Aluminum demonstrated a percent difference (YD) within the acceptance criterion
of £10% comparing the 1x and 5x dilution results. Unfortunately, Mn and Sr exceeded the upper
calibration range for the 1x dilution and no %D could be calculated, since no additional serial
dilution (i.e., 25x) was analyzed for the L.S-16 Sample’. However, the MS sample was analyzed at 1x,
5x, and 25x, and the %Ds calculated for Mn and Sr for the 5x and 25x dilutions were 3.2% and 3.4%
respectively. The quantity of spike added to the MS sample is significantly <20% of the sample

concentration; therefore, the %Ds determined on the MS sample are considered to be representative
of LS-16 Sample.

3
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Date:

£ 6/20/01

Subject: Hydroxide Analyses for: R.Hallen
ASR: 6107

To: R. Hallen

From: L. Greenwood W

Samples of the filtrate composite and wash composite from the Sr/TRU Project AN-102/C-104 blend were
analyzed for the hydroxide content following procedure PNL-ALO-228. Direct sample aliquots were analyzed
in duplicate using a Brinkman 636 Auto-Titrator. A 0.1186 N NaOH solution was prepared for use as a
standard and sample spike and the titrant was a 0.2040 M HCI prepared solution. Three inflection points
were observed for each sample generally corresponding to hydroxide, carbonate, and bicarbonate. The
standard hydroxide recovery averaged 95% and a sample spike recovered at 96%. No hydroxide was
detected in a reagent blank. The titration curves are included with the report. '

ASR6107 & ASR 6097.xls Page 1 of 1 06/20/01



Battelle Pacific Northwest Laboratory ’ ASR # l: 6107 I
Radiochemical Processing Group-325 Butldmg

Chemical Measurements Center .- v I: I

Hydroxide and Alkalinity Determination
Procedure: PNL-ALO-228 Egyi WB76843

Analyst: y 4 "Z/a/

Reviewer: &pkﬂﬂwﬂ"/f/ gfzﬁ'ﬂ I

Summary Report

Concentration, moles

RPG # Client ID First Point Second Point J'hird Point

01-1014 LS-12 0.21 1.29 0.93

01-1014 LS-12 Rep 0.19 1.28 - 0.96
RPD 7% 1% 4%

01-1015 LS-13 ‘ 0.21 1.26 0.87

01-1015 LS-13 Rep 0.18 1.28 0.89

' RPD 18% 1% 2%

01-1016 LS-14 0.057 0.24 0.18

01-1016 LS-14 Rep 0.053 0.22 0.12
RPD 6% 6% 41%

Standard 1 95%

Standard 2 95%

MS-1015 Matrix spike 96%

Blank ‘ nd

Note: Results are presented for the first, second, and third inflection points on the titration curves, as
applicable. The first inflection point is generally associated with the hydroxide concentration. The
second and third points generally represent the carbonate and bicarbonate concentrations.




Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Client: R. Hallen Charge Code/Project: W57984/42365
ASR Number: 6107 Liquids Sample Receipt Date: 05/11/2001
Sample Prep Date: N/A Sample Analysis Date: 06/13-14/2001
Analyst: MJ Steele

Preparation Procedure: N/A

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"

M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement Center
98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.\\

The final ion chromatography results ASR 6107 Liquid Samples (01-01014 through 01-01016)
are presented in Table 1. Table 1 includes the samples, duplicates, processmg blank (dllutlon

liquid), low level standard, and laboratory control standard results. :

Table 1: AHIOMS Results — ASR 6107 L1qu1d
@ a | No, | Br NO, | PO,

/ml o/mli

Sample ID

01-01014 Dilution Blank

1250

01-01014 LS-12 4,300 1,960 | 43,600 | <125 106,000 | 3,260
01-01014 DUP LS-12 Dup 4,500 1,920 | 43,900 | <125 107,000 | 3,280
RPD| 4% 2% 1% n/a 1% 1%

01-01015 4,400 1,880 [ 41,200 | <1235 99,500 3,620

01-01015 MS %Rec 110%
e e :_!g‘g 1 i 3

EQL

01-01016 LS-14

01 01016 MS %R LS-14 MS %Rec

LLS %Rec 98% 93% 98%

LCS %Rec 97% 100% 97% 98% 93% 91% 91% 100%

Fluoride exhibits significant interference from unknown anions making quantitation difficult. Fluoride results are maximum value.

EQL = Estimate quantitation limt; based on lowest calibration standard times all dilution factors used to calculate the reported results.
No results below the EQL are reported.

The sample was prepared for ion chromatography anion analysis by dilution at 200-fold to
5000-fold in order to ensure that the anions were measured within the calibration range.

Column overloading prohibited analysis of the sample as dilutions less than 200-fold. The
estimated quantitation limits which are based on the lowest calibration standard and the dilutions
used for reporting the results are provided in Table 1.

Q.C. Comments:

Duplicates: No duplicate was provided. However, one sample was split and analyzed in
duplicate. The duplicate relative percent difference (RPD) meets the acceptance criteria of

< (1]
20%. RT HALLEN
DateM
Route |
ASR 6107 Hallen.doc F"°m Page 1 of 2.
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Matrix Spike (HCV 010328): A matrix spike was prepared from two samples all anion
recoveries were within the 75% to 125% recovery acceptance criteria, as shown in Table 1.

Laboratory Control Sample-LSC/BS (HCV 010328 @4x):k A Blank Spike (i.e., the spike
solution used to prepare the matrix spike samples) was prepared and measured at the same time
as the Matrix Spike sample and demonstrated recoveries within the 90% to 110% acceptance
criteria.

Low Level Standard (LLS/LCV 010328): As shown in Table 1, the LLS meets the acceptance
criteria of 75% to 125% recovery.

System Blank/Processing Blanks: Ten system blanks were processed during the analysis of the

liquid sample. No anions were detected in the system blanks above the estimate quantitation
level.

Quality Control Calibration Verification Check Standards (ICV 010328): Ten mid-range
verification standards were analyzed throughout the analysis runs. Except for four oxalate
measurements, all anions recoveries were within the acceptance criteria from 90% to 110% for

the verification standard. The oxalate measurements that failed produced a recovery from 111%
to 112%.

General Comments:

e The reported "Final Results” have been corrected for all dilution perfonned on the sample during processing or analysis.

e The low calibration standards are defined as the estimated quantitation limit (EQL) for the reported results and assume non- -complex
aqueous matrices. Actual detection limits or quantitation limits for specific sample matrices may be determined, if requested.

e Routine precision and bias are typically £15% or better for non-complex aqueous samples that are free of interference and have similar

concentrations as the measured anions.
Report Prepared by: W %/ Z/ Date 7 / Q/ 2

Review/Approval: “'Wyg’/ Date /7 7"”Z

Archive Information:

Files: ASR 6107 Hallen.doc ASR 6104, 6106, 6107 REP.xIs _|
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

’,

Client: R. Hallen Charge Code/Project: W57984/42365
ASR Number: 6107 Solids Sample Receipt Date: 05/09/2001
Sample Prep Date: N/A Sample Analysis Date: 06/20/2001
Analyst: MI Steele

Preparation Procedure: PNL-ALO-103, “Water Leach of Sludges, Soils, and other Solids Samples”

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"

M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement Center
98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

The final ion chromatography results ASR 6107 Solid Sample (01-01017) is presented in '

Table 1. Table 1 includes the samples, duplicates, matrix spikes,hot cell processing blank, low
level standard, and laboratory control standard results.

Table 1: Anion Analysis Results — ASR 6107 Solid

01-01017 PB _

01-01017 LS-16 37,700 | 1,180 | 10,500 | <210 | 26,200 | 1,660 | 2,880 36,200
01-01017 Dup LS-16 Dup 38200 | 1,190 | 11,200 | <210 {27,900 | 2,420 | 2,900 36,100
RPD| 1% 1% 7% n/a 6% 37% 0% 0%
01-01017 MS %Rec LS-16 MS %Rec (3)] n/a 94% n/a 97% n/a N.R. 122% n/a
01-01017 PS 1 (1200x) %Rec |LS-16 PS! 106% | 105% | 105% | 105% | 101% 99% 99% 106%

01-01017 PS 2 (400x) %Rec _ |LS-16 PS2

LLS %Rec
L.CS/BS (Hot Cell) %Rec
L.CS (Lab) %Rec

(1) The fluoride results should be considered the upper bound concentration for the fluoride. Significant peak distortion of the
fluoride peak suggests the presence of co-eluting anion(s), possibly formate or acetate.

(2) The hot cell blank reported in ug/g based on average hot cell sample dilution/leaching factor.
(3) MS results are considered qualitative. MS concentrations at or below the EQL following hot cell and IC dilutions.

n/a = MS level < 20% of sample concentration or RPD not calculated since sample and/or duplicate <EQL.

N.R. =No MS concentrations detected above sample concentration, suspected matrix interference.
EQL = Estimate quantitation limt; based on lowest calibration standard times all dilution factors used to calculate the reported
results. No results below the EQL are reported.

RPD = Relative percent difference

The sample was prepared for ion chromatography anion analysis by leaching at approximately a
10:1 ratio with distilled de-ionized water. Once the leachates were prepared they had to be
diluted an additional 20-fold to 200-fold in order to ensure that the anions were measured within
the calibration range. Column overloading prohibited analysis of the sample at dilutions less
than 20-fold. The estimated quantitation limits (EQL) which are based on the lowest calibration
standard and the dilutions used for reporting the results are provided in the Table 1.

Date 3/ 2 0/

Route______ . ‘
, Flle T1—073
ASR 6107 Hallen solids.doc : A Page 1 of 2
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Battelle PNNL/RPG/Inorganic Analysis --- IC Reporf

’
.

Q.C. Comments:

Duplicates: A sample and duplicate leach were performed in the hot cell and these duplicates
analyzed. The duplicate relative percent difference (RPD) meets the acceptance criteria of <20%
for all analytes measure above the EQL..

Matrix Spike (HCV 010328): A matrix spike (MS) was prepared in the hot cell. Since the MS
required an additional 20-fold dilution at the IC workstation, the MS concentration was at or near
the EQL. The MS concentration was less than 20% of the sample concentration for fluoride,
nitrite, nitrate, and oxalate, and no MS recovery was calculated. Even at the low MS
concentrations, chloride, bromide, and sulfate recoveries were within the 75% to 125% recovery
acceptance criteria. The phosphate MS was unable to be recovered, suggesting some type of
matrix interference or precipitation on leaching. Since the MS concentrations following dilution

were so low, post spikes (PS) were prepared from the same spiking solutions and analyzed. The
PSs demonstrated recoveries within the 75% to 125% acceptance criteria.

Laboratory Control Sample-LCS/BS (HCV 010328 @4x): Both the hot cell LCS/BS and the
laboratory LCS/BS were prepared and measured at the same time as the MS sample. Both LCSs
demonstrated recoveries within the 90% to 110% acceptance criteria.

Low Level Standard (LLS/LCV 010328): As shown in Table 1, the LLS meets the acceptance
criteria of 75% to 125% recovery.

System Blank/Processing Blanks: Five system blanks were processed during the analysis of the
solid sample. No anions were detected in the system blanks above the estimate quantitation
level.

Quality Control Calibration Verification Check Standards (ICV 010328): Five mid-range
verification standards were analyzed throughout the analysis runs. All anions recoveries were
within the acceptance criteria from 90% to 110% for the verification standard.

General Comments:

o The reported “Final Results” have been corrected for all dilution performed on the sample during processing or analysis.

e  The low calibration standards are defined as the estimated quantitation limit (EQL) for the reported results and assume non-complex
aqueous matrices. Actual detection limits or quantitation limits for specific sample matrices may be determined, if requested.

e Routine precision and bias are typically +15% or better for non-complex aqueous samples that are free of interference and have similar
concentrations as the measured anions.

Report Prepared by: _ﬁﬁ% % Date 7’72& */L
«w%,&m pue_)20-0]

Review/Approval:

Archive Information:

Files: ASR 6107 Hallen solids.doc ASR 6107 Solids RR (010620).xlsJ

ASR 6107 Hallen solids.doc Page 2 of 2



Battelle, PNNL / RPG / Inorganic Analysis ... Mercury Data Report

Project / WP#: 42365 / K88408

ASR#:. 6107
Client: Rich Hallen
Total Samples: 1
RPL # Client ID
01-01017 LS-16
Procedure: RPG-CMC-131 Rev. 0, Mercury Digestion
RPG-CMC-201 Rev. 0, Mercury Analysis
M&TE Number: WD30853 CETAC, Mercury Analyzer, Model M-6000A
360-06-01-029  Mettler AT400 Balance
Digestion Date: 8/1/01
Analysis Date: 8/1/01
Analysis File: 01080101.DB
Analyst: LMP Thomas

For Calibration and Maintenance Records, see Chemical Measurement Center 98620 RIDS

\77%/4/ % 7-7-¢ {

Reviewed By / Date

Mercury Data Report. ASR 6107 ‘ Page 1 of 3



One sample, LS-16, was submitted for mercury analysis. The sample was aliquoted in the hot
cell, prepared by digestion in a fume hood, and analyzed by cold vapor atomic absorption .’
spectroscopy (CVAA). The analysis of this sample included one duplicate and matrix spike.
Quality control check standards relative to the sample preparation and instrument performance
were also analyzed.

1. Analysis

Results from the analysis of the LS-16 sample, are provided in the table below. The
concentration is reported in pg of mercury per gram of wet solids.

RPD success criteria: <20% |
RPL # Sample ID Det Limit | Measured ROPD
reg/s ng/g 7o
01-01017 LS-16 0.010 2.33
01-01017 LS-16 DUP 0.015 2.81 19
Average 2.57
Preparation DF (mLs/g) 157
Analysis DF (v/v) 10
DF - dilution factor

2. Quality Control

Duplicate (DUP). The RPD between the LS-16 samples meets the success criteria.

Matrix Spike (MS). The matrix spike result does not meet the success criteria. This may be due
to the concentration of the matrix spike, which is very small relative to the concentration of the
sample.

MS success criteria: 75% to 125% of expected value
RPL ID Sample ID Spike Sample Measured Recgvery
ng/g ng/'g nglg Yo
01-01017 LS-16 MS 0.26 2.57 3.74 459

Preparation Blank (PB) and Laboratory Control Standard (LCS). The results of the PB and LCS
analysis are presented in the table below. A PB, typically generated during the aliquoting of the
samples in the hot-cell, was not prepared. The PBs from two other sample batches are reported
here. These PBs were generated at a different time, but were digested with the LS-16 samples.
The results of the PBs are based on the average sample size. The PBs and LCS meet the success
criteria. :

PB success criteria: < EQL LCS success criteria: 90% - 110% of expected value
Success Criteria | Measured Expected Measured Recovery
pgl'g Hg/g Hgl'g He/g %o
<0.079 <0.012 1.40 1.35 96
<0.079 <0.012
Mercury Data Report, ASR 6107 Page 2 of 3




[nitial Calibration Blank (ICB) and Continuing Calibration Blank (CCB) Standards. The

S ICB/CCB standards meet the success criteria.
TCB/CCB success criteria: <EQL
Sample 1D Criteria Measured
pg/L M ug/L ©

ICB <0.05 <0.05

CCB1 <0.03 <0.05

CCB2 <0.05 <0.05

CCB3 <0.05 <0.05

CcCB4 <0.05 <0.05

T Units are based on per liter of sample at the instrument.

Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV) Standards.
The ICV/CCYV standards meet the success criteria.

TCV/CCV success criteria: 90% to 110% recovery
Calibration Range: 0 -5 pg/L
Measured Recovery
Sample ID ug/L" %
Expected 2.00
ICV 2.01 101
ccvl 2.07 104
CCvV2 2.07 103
CCV3 2.07 104
CCv4 2.09 104
TUnits are based on per liter of sample at the instrument.

Low-Level Standard (LLS). The LLS meets the success criteria.

LLS success criteria: 75% to 125% recovery
Lowest calibration std: 0.05 pug/L

Expected Measured Recovery
pg/L(” ng/L(l) LA
0.050 0.039 78

Units are based on per liter of sample at the instrument.

3. Comments

a). The mercury results have been corrected for all dilution factors performed on the sample
during preparation and analysis.

b). The detection limit is based on the manufacturer’s recommendations for non-complex,
aqueous matrices. The estimated quantitation limit (EQL) is defined as the lowest calibration
standard. Actual detection limits or quantitation limits for specific matrices may be
determined, if requested.

¢). Routine precision and bias is typically +15% or better for non-complex aqueous samples that
are free of interference.

Mercury Data Report, ASR 6107 Page 3 of 3



Table S.1. (contd)

nglg

ICP-MS 42e+01 | 23e+02 |
Y ICP-AES 26e+01 | 1.4e+02
Y ICP-MS 26e+01 | 1.4e+02
Zn ICP-AES 7.90e+01 77e+01 | 4.2¢+02
Zr ICP-AES 7.80e+01 X | 7.8e+01 | 4.3e+02

WCS = wet centrifuged solids

DS = dry centrifuged solids

UDS = undissolved solids

n/m = not measured

EDTA=cthylenediaminetetraacetic acid

HEDTA= N-(2-hydroxyethyl)ethylenediaminetriacetic acid
ED3A=ethylenediaminetriacetic acid

NTA=nitrilotriacetic acid

IDA=iminodiacetic acid; :

D2EHP= bis-(2-ethylhexy!) phosphate.

Shaded areas represent analytes measured that were not listed in the TS (i.e., opportunistic analytes)

(a) Dataflags: U= undetected; J = estimated value; B = analyte in blank above the blank acceptance criteria; X=QC
deficiency

(b) Not calculated. Analysis of WCS for analyte no specified in TS.

(c) Not calculated. TS required analysis of analyte in WCS; however insufficient WCS available for analysis. BNI
prioritized analyses to be performed on limited WCS material.

(d) Fluoride results should be considered the upper bound concentration for the fluoride. Significant peak distortion of the
fluoride peak suggests the presence of co-eluting anion(s), possibly formate or acetate.

(¢) For TOC and TiC: P=by hot persulfate method

F=by furnace method/TIC by difference (TC — TOC).

() Uranium measured in the supernatant and centrifuged solids by KPA and ICP-MS, respectively.

{(g) The total Cs concentration is estimated in the solids based on the assumption the Cs isotopic distribution in the solids is
equivalent to the isotopic distribution in the supernatant. Concentration is thus based on the relative contribution of
137Cs in the solids.

(h) Oxalate determined by inorganic IC method.

(i) The calculated UDS results <0; the UDS results set to <MDL of the WCS.

viii



Pacific Northwest National Laboratory (PNNL) // Battelle Northwest
Radiochemical Science and Engineering (RSE)

Inorganic Analysis - Mercury Data Report

Project/ WP#: 42365/ K88408
ASR#: 6107

Client: Rich Hallen
Total Samples: 1

RPL # Client ID
01-01017 LS-16

REVISION 1: Clarification of PB preparation and analysis |

Procedure: RPG-CMC-131 Rev. 0, Mercury Digestion
RPG-CMC-201 Rev. 0, Mercury Analysis

M&TE Number: WD30853 CETAC, Mercury Analyzer, Model M-6000A
360-06-01-029  Mettler AT400 Balance

Digestion Date: 8/1/01

Analysis Date: 8/1/01

Analysis File: 01080101.DB

Analyst: LMP Thomas

Supporting data and records are located in the data package stored in the project file. Balance
calibration records can be found in the Radiochemical Science and Engineering RIDS.

YA (cmlaa /X%
Data Report Prepared By Date
%74() % /l-13-0°—
Reviewed By Date

Mercury Data Report, ASR 6107 Page 1 of 3



One sample, LS-16, was submitted for mercury analysis. The sample was sub-sampled in the hot cell, prepared by
digestion in a fume hood, and analyzed by cold vapor atomic absorption spectroscopy (CVAA). The analysis of this
sample included one duplicate and matrix spike. Quality control check standards relative to the sample preparation
and instrument performance were also analyzed.

1. Analysis

Results from the analysis of the LS-16 sample, are provided in the table below. The concentration is reported in pg
of mercury per g ot dry solid.

RPD success criteria: <20%
RPL # SnmpletD Det Limit | Measured RUPD
ng/g nglg 7o
01-01017 LS-16 0.023 5.31
01-01017 LS-16 DUP 0.029 5.46 2.7
Average 5.39
Preparation DF (mLs/g) 333
Analysis DF (v/v) 10
DF - dilution factor

2. Quality Control

Duplicate (DUP). The RPD between the LS-16 samples meets the success criteria.

Matrix Spike (MS). The matrix spike result does not meet the success criteria. This may be due to the concentration
of the matrix spike, which is very small relative to the concentration of the sample.

MS success criteria: 75% to 125% of expected value
RPL ID Sample ID Spike Sample Measured Rec;)very
ng'g Hglg He/g 7o
01-01017 LS-16 MS 0.54 539 7.87 460

Preparation Blank (PB) and Laboratory Control Standard (LCS). The results of the PB and LCS analysis are

2790

presented in the table below. Two PBs were prepared and analyzed with this samples set. The results of the PBs are
based on the average sample size. The LCS is NIST SRM
success criteria.

i an oqflquin Soil. The PBs and LCS meet the

PB success criteria: < EQL LCS success criteria: 90% - 110% of expected value
Success Criteria | Measured Expected Measured Recovery
uglg ng/g Hg/g Hg/'g Yo
<0.17 <0.026 1.40 1:35 96
<0.17 <0.026

Initial Calibration Blank (ICB) and Continuing Calibration Blank (CCB) Standards. The ICB/CCB standards meet
the success criteria.

ICB/CCB success criteria: < EQL
Sample ID Criteria Measured
ug/L " ng/L Y

ICB <0.05 <0.05
ccB 1 <0.05 <0.05
ECB2 <0.05 <0.05
CCB3 <0.05 <0.05
CCB4 | <0.05 <0.05
"7 Units are based on per liter of sample at the instrument.
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Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV) Standards. The ICV/CCV

standards meet the success criteria.

ICY/CCV success criteria: 90% to 110% recovery
Calibration Range: 0 -5 pg/L
) Measured Recovery
Sample ID ng/L v
Expected 2.00
ICV 2.01 101
CCV 1 2.07 104
CCcv2 2.07 103
CCV3 2.07 104
CCvV4 2.09 104
" Units arc based on per liter of sample at the instrument,

Low-Level Standard (LLS). The LLS meets the success criteria.

LLS success criteria: 75% to 125% recovery
Lowest calibration std: 0.05 pg/L

Expected Measured Recovery
ug/LY ug/LY %
0.050 0.039 78

"7 Units are based on per liter of sample at the instrument,

3. Comments

a). The mercury results have been corrected for all dilution factors performed on the sample during preparation and
analysis.

b). The detection limit is based on the manufacturer’s recommendations for non-complex, aqueous matrices. The
estimated quantitation limit (EQL) is defined as the lowest calibration standard. Actual detection limits or
quantitation limits for specific matrices may be determined, if requested.

¢). Routine precision and bias is typically +15% or better for non-complex aqueous samples that are free of
interference.
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Client ID Sample RPG D SR 6107
Subject: Se-79 Analysis Reporton: |LS-16 01-1017
WP# W57984

Project: Sr/TRU

To: Rich Halen

Se-79 was measured according to procedure PNL-ALO-440 and the results are listed below. Since Se-
79 is not available as a radioactive standard, Se carrier was used in the analysis for establishing the
yield and C-14 was used to establish the instrument efficiency since it has a very similar beta energy.

The samples were solubilized in the hot cells with a KOH-KNO3 fusion according to procedure PNL-ALO-
115. A 1 mL aliquot of the fusion solution provided to the fab was analyzed. The gravimetric recoveries
for the lab blank, hot cell blank, sample, and duplicate, are listed below. The Se-79 activities were
measured by liquid scintillation counting according to procedure PNL-ALO-474. The beta energy spectra
did not show any definite peaks for Se-79; however, the count rates were elevated in the Se-79 energy
window and there was no evidence for any other beta contamination. The process blank activity exceeded
both the sample and duplicate counting rates.  The MDC value exceeded the sample activities for the
lab blank and sample duplicate; hence, the MDC values should be reported for these samples. Since Se-
79 is not available as a standard, it was not possible to provide LCS or matrix spikes.

Se-79 1s
Se Se-79 Result TPU Se-79 MDC
1.D. Client 1D Recovery uCilg uCil/g uCilg TPU, %
Reag BIK 0.83 1.41E-4 1.99E-4 6.55E-4 141%
01-1017-PB 0.77 1.85E-3 2.50E-4 7.06E-4 14%
01-1017 LS-16 0.43 1.83E-3 4.19E-4 1.27E-3 23%
01-1017 -dup{ LS-16 dup 0.68 4 .97E-4 2.41E-4 7.69E-4 48%
Prepared by: Lo e Date:_7-7=2-&/
&
o7 /“:/‘;v / . ;> s
Reviewed by: /l// NF AL, e e T Date. 7 ~/5~ ¢/
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Se-79 Analysis --- via RPG-CMC-440

ASR #

| 6107]

This procedure involves an anion/cation exchange to remove most radiochemical interferences followed by a Selenium
Bromide distillation and minor interferences elimination by the reduction of Se to elemental form. The ppt. recovered is used
for gravimetric yield correction. The Se is finally dissolved and counted by liquid scintillation using C-14  (prep'd in the same
matrix configuration) for calibration since its beta energy max. of 156 keV is very similiar to Se-79 at 149 keV.

Se-79 Procedure Flow Diagram

Add 20 mg elemental Se (2 mL of
10mgSe/mL to each aliquot for
analysis |

v

.Prep plastic disposable columns:
1mL AG--50W: X 8 100-200 mesh H+ +
1ml AG-1, X-4 100-200 CI-

;

Pass sample through column and collect in
35 mL vial. Wash with 4-1ml portions of 0.5
M HNO3 [

Set up still by placing Nitrogen purge ~100mi
boiling flask in heating mantle connected to a
variable power supply and supported on a ring

stand.

Prep. and tare- weigh filter disks
Centrifuge, decant most of solution
and transfer black ppt. using
ethanol to the top of filter mounted
on vaccum system.

Transfer the solution to the boiling flask rinsing the
35mL vial with 2-5mL portions of concentrated

HBr.

Place a rinsed (clean) 35ml vial on the exit port of
the boiling flask. Add 5mi of 25% hydroxlamaine
hydrochloride solution to this vial. Cool this vial in
an ice bath.

I

Dry ppt. and obtain final wt. for Se
grav. recovery. 20 mg =100% .

v

Transfer filter + ppt. To glass LCS
vial, add 2-3 drops of conc HNO3,

aliow to dissolve completely, then
take to dryness. Add2mL 0.1 M
HCL and 10 ml of I.SC cocktail,
place on labeled caps.

Add 10ml hydroxlamaine hydrochloride to
sample in a glass vial. Cap and place the vial
in a heating block and heat @ 90C for ~30
min (I.e. just until black ppt forms).

Connect nitrogen suppl);o top of flask and set flow
to about 5 bubbles/sec. Then turn on power supply
and adjust to 110 V amd distill for at least 35 min. l

l Prepare C-14 reference stds.

similarly and count all on
Packard LSC 2550 for 2 X 30
min. (Prog. # 6).

_Dissove ppt in a few drops of conc HNO3.
Add 5 mL of water and repeat the
NH20H.HC! addition and precipitation. Then
dissolve in ~ 0.5 M HNO3 for transfer to
distillation flask.

Add 5 m! additional hydroxiamaine
hydrochloride solution to the collection vial. Cap
and place the vial in a heating block and heat for
a couple hours. Black ppt. forms

Analysis raw data:

Sample ID. Initial Sam. |Diluted to Tare Wt (mg) |Final Wt. Net Se Recovery
Vol. (mL) Filter + holder |(mg) Wt. %
Reag BIK 1.00 7476 7641 16.5 83%
01-1017-PB 1.00 Process Bk 751.9 767.2 15.3 77%
01-1017 1.00 759.6 768.3 8.7 43%
01-1017 -dup 1.00 775.9 789.5 136 68%
01-1613 1.00 747.4 763.9 16.5 83%
01-1842 1.00 752.7 760.2 7.5 38%
01-1843 1.00 751.3 763.9 12.6 63%
01-1843-dup 1.00 760.3 773.8 13.5 68%
Pipet verify check| 0.1 mL 1.0 mL
(}\//—)c& el 7"//'—’7/01; Pipet # 78868 33
Entered by N\ Date 0.0996 1.022
s \/ s , 0.0985 1.0227
%’ Ll /L/'/"z?/ [ 2/ 7 0.1014 1.017
Reviewed by Date Ave 0.0998 1.0206
Std Dev. 0.0015 0.0031
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4 Se-79 Analysis Page-+of?2
WP# W57984 ’L—M

ASR # 6107 ,Prep Type washed solids Data File:  r:\radchem\se79\se-6107.xls

Analysis for Se-79 was performed using PNL-ALO-440. This procedure involves an anion/cation exchange

to remove of most radiochemical interferences followed by 2 Selenium Bromide distillation and minor

interferences completely eliminated in the reduction of Se to elemental form. The ppt. recovered is used for

gravimetric yield correction. No vendor supplied Se-79 source material is available, therefore C-14 was chosen

for calibration since its beta energy max. of 156 keV is very similiar to Se-79 at 149 keV.

W-115-1, a secondary dilution of NIST C-14 SRM 4222 , was used for the efficiency calibration of the liquid scintillation
counter. These calibration standards were prepared in the same geometry as the prepared samples and at the same

time the batch was prepared to monitor efficiency of the cocktail over time. Volume of W-115-1 used was 0.1ml.

Process Data: Start Date: 9/4/01 G

Se Carrier: Selenium Std. @'10,000 ppm Performance checks
CMS # 126666 Inor. Ventures Std Balance # 37060155
Vol. added: Expires: 1-Mar-01 Pipet # 78868
2mL= 20.0 mg Lab Loc. 525
Sample ID ‘Leached © = .- Totaldil. - Diln. - Tare Wt.. Gross Wt. = Net Wt Wtoof 700 Grav.
: Sample " volume  Aliquot  of filter & “of filter plu of Se - ‘Se” added ' RecéVei'y
‘Yol (mL) : (mL) (mL) " holder (mg) Se ppt.(mg) =~ = (mg) .\ (mg)- %
Reag BIK 1.000 747.6 764.1 16.5 20.00 82.5
01-1017-PB 1.000 751.9 767.2 15.3 20.00 76.5
01-1017 1.000 759.6 768.3 8.7 20.00 43.5
01-1017 -dup 1.000 775.9 789.5 13.6 20.00 68.0
01-1613 1.000 747.4 763.9 16.5 20.00 82.5
01-1842 1.000 752.7 760.2 7.5 20.00 37.5
01-1843 1.000 751.3 763.9 12.6 20.00 63.0
01-1843-dup 1.000 760.3 773.8 13.5 20.00 67.5

(2 DPeer Yiafe LA e a10/0)

Entered byk\; Date Reviewed by Date
S~
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-

SELENIUM-79 CALCULATIONS FOR LIQUID SAMPLES

Procedure PNL-ALO-440

s
.

r:\radchem\se79\se-6107.xls

[

Data file name: Entered by: rgs
Date Counted 09/11/01 Date Calc'd 09/12/01
Sample Counting Time,min. 100.00
C-14 is used for efficiency since Beta Emax is same as Se-79. T1/2 = 5715. yr
C-14 Std No. W-115-1 Activity= 266700 dpm/ml
Reference date: 12/01/90 error= 400 dpm/ml
aliquot error Se-79
I.D. ml ml R.O.L cpm 1S%
Reag. Blank #1 1.000 0.0000 11.45 2.96
Blank 2 1.000 0.0000 12.15 2.87
Avg=-.11.80 cpm
0.34 cpm
efficiency

1S% efficiency error
100ul Std - C-14 Spk 1 0.100 0.0003 | 19077.1 0.07 0.72 0.0025
100ul Std -C-14 Spk 3 0.100 0.0003 | 19306.0 0.07 0.72 0.0025

Avg efficiency = 0.72 |
Iserror= 0.0012
Yeerror 0.16
SAMPLES
Requested activity units:  uCi
Sample quantity units: ml
Sample Se-79 |ct.error |Se-79 Result Se-79 Se-79
Sample units Se aliquot{ R.O.L 1s TPU MDC
I.D. Vol./mass [gorml |Recovery | frac.anal| cpm 1 sigma % uCi/ml uCi/ml uCi/ml | TPU,%
Reag BIK 1.000 mL 0.83 1.00 12.15 140 2.65E-07 | 3.74E-07 1.23E-06 141%
01-1017-PB 1.000 mL 0.77 1.00 16.06 12 3.48E-06 | 4.71E-07 1.33E-06 14%
01-1017 1.000 mL 0.43 1.00 14.14 22 3.36E-06 | 7.70E-07 2.33E-06 23%
01-1017 -dup 1.000 mL 0.68 1.00 12.85 47 9.65E-07 | 4.67E-07 1.49E-06 48%
01-1613 1.000 mL 0.83 1.00 23.87 5 9.15E-06 | 5.56E-07 1.23E-06 6%
01-1842 1.000 mL 0.38 1.00 13.91 24 3.52E-06 | 8.85E-07 2.71E-06 25%
01-1843 1.000 mL 0.63 1.00 12.26 107 4.56E-07 | 4.92E-07 1.61E-06 108%
01-1843-dup 1.000 mL 0.68 1.00 11.52 172 -2.59E-07 | 4.50E-07 1.50E-06 174%
- /1 J / L S s ]
oo Y20y ,;Z'//‘vﬁ*-téau eeof G5V
Entered W Date Reviewed by Date
SE-6107.x!s Page 4 of 4 09/13/01




Prep Correction

Correction for Hot Cell Fusion|

Se-79 Result Se-79 Se-79 Se-79 Se-79 Se-79
Is TPU MDC Hot cell prep Result Is TPU MDC
iD. uCi/ml uCi/ml uCi/ml TPU,% g ml uCi/g uCi/g uCi/g
Reag BIK 2.65E-07 | 3.74E-07 | 1.23E-06 141% | 1.88E-01 LOOE+02 | 1.41E-04 | 1.99E-04 | 6.55E-04
01-1017-PB 3.48FE-06 | 4.71E-07 | 1.33E-06 14% 1.88E-01 LOOE+02 | 1.85E-03 | 2.50E-04 | 7.06E-04
01-1017 3.36E-06 | 7.70E-07 | 2.33E-06 23% 1.84E-01 LLODE+02 | L83E-03 | 4.19E-04 | 1.27E-03
01-1017 -dup 9.65E-07 | 4.67E-07 | 1.49E-06 48% 1.94F-01 LOOE+02 | 4.97E-04 | 2.41E-04 | 7.69E-04
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_attelle Pacific Northwest Laboratories

Analytical Chemistry

Laboratory

Shiclded Analytical Laboratory

PAGE 1 of !

PNL-ALO-115

(s sl

Solubilization of Metals from Solids Using a KOH-KNO3 Fusion

Client name: G«S«mth*? Hu.,ULU\./

Work package number:

W57984

Work Auth. Doc (WAD): ASR 6107 - - Project number: 425
Tank/Core/Project: AN- 102 Washcd solnds HLW feed chamctcnzatlon e o ) _ PNL‘QA'planzwmystMHS:_wm
Special '”S”UC“°“5§,‘.~’9 6§'3.,,.S,R‘?.9J.a.,',lﬂ$ff uctions et e PNLimpactlevel: __ .
y e e R Prep. lab (SAL/SRPL/other): . 'SAL
Preparation batch number: . . e
ACL order number or Crucible Crucible Crucible + sample Sample Spike added Final solution Process
ACL Sample ID Client sample ID Identifier weight (g) weight (g) weight (g) Vol. (ml) Weight. (g) Volume (ml}) _ Factor (1)
1 [01-01017-Blank-Ni  |Brank y=¢,[%8 /0 ¢
2 |01-01017 -Ni L5-16 j |a3s953 | 332529 o934 ) |sv.es
3 101-01017 Dup -Ni LS-16-Dup L 2/.9/43 | XA, LSS \p. /94 I~ / ~ 5/4.93
4 [01-01017-LCS [S-16-LCS 3 Yli254G | 1. G406 0. /270 / 33406
4 |01-01017-BS ICP/MS |LS-16-BS ICP/MS i y3.66 97— ./ 0.0990 ( S0/ /O
5 |01-01017-MS ICP/MS |LS-16-MS ICP/MS 5 20255 0. 4492 p, /1938 ./ 00943 L 5/5.9
Analyst's sample preparation comments: B DOSE RATE: Spike source:
5SS = Ry AN A ) o o PNL spike ID number:
./7..5“:__,_4/A-L§T‘7’.-5,J B Anal. balance M&TE:3/p_¢4.¢j-01 ¢
- - ” o B o HClvolumeadded (ml): _ /
o B o B N ) e o Solution heated (ycslno):___ﬂ_‘;f_g__ -
(&) Process factor Fmal volume (ml /[Crucuble & snmplc wexght (g) - Crucible weight (g) ] Sample filtered (yes/no): o
Other sample preparalion worksheets may be substituted at the discrelion of the Cognizant Scienlist. Usc one worksheet per client.
Rev. 2.0 7-28-95  JMR

Analyst/D’:tg—y/ {,/// M’).,/;/ Q/ //C'

Reviewer/Date: A

S [21]6




Battelle, PNNL / AIAL
Inorganic Analysis / ICP-MS Data Report

Project / WP#: 42365/ W57984
ASR#: 6107

Client: Rich Hallen
Total Samples: 4

RPL # Client ID
01-1014 LS-12
01-1015 LS-13
01-1016 LS-14
01-1017 LS-16

Procedure: PNL-ALO-280 Rev. 1, Inductively-Coupled Plasma Mass Spectrometric (ICP-

MS) Analysis
M&TE Number:  WB36913 ICP/MS, VG Elemental
512-06-01-014 Mettler AJ100 Balance
Analyst: James P Bramson
Analysis Dates: 9/12/01, 9/25/01, 9/26/01, 9/28/01, 10/1/01
Analysis Files: Experiment - 12SEPO1, 25SEPO1, 25SEPO1b, 26SEPO1, 28SEPO1, ’

010CTO1
Procedure - 010912a, 010925a, 010925b, 010926a, 010928a, 011001a
Element Menu - CsTcRb, UNp, Uiso Pu, multi, Tc

For Calibration and Maintenance Records, see ICPMS Service Center 98038 RIDS

/M Catat; /%2’/&?’ omP Ll 112603

o Analyst Reviewed By

ICP-MS Data Report, ASR 6107 Page 1 of 2



1. Analysis

Four samples, 2 filtrates, 1 wash composite, and 1 solid prepared by the RPG, were submitted for
analysis and analyzed on a radioactive material-contained ICP/MS. The filtrates and wash
composite were analyzed for Tc-99. The solids were analyzed for total U, U isotopes, Pu-239
and 240, Np-237, and Ru, Rh, and Pd.

See attached ICP/MS data reports for final results and run order for the analytical batch. The
final results have been corrected for all client dilutions and laboratory dilutions performed on the
sample during analysis. A process blank, blank spike, duplicate, and matrix spike were also
submitted and analyzed with the samples. In addition, replicate and post spike analyses were
also performed.

The analysis for Ru, Rh, and Pd was difficult due to the isobaric interferences of SrO isotopes
and masses common to both Ru and Pd, and the potential mixture of natural and fission yield
isotopic abundances. Some of the sample concentrations were also very near detection limit.

2. Quality Control

Duplicate (DUP). The RPDs for all analyses (duplicate and replicate) were < 15%, with the
exception of the solids duplicate analysis for Ru, Pd, and Tc-99. The problem with the Ru and
Pd was most likely due to the difficulties mentioned above. The Tc-99 concentrations were very
near the detection limit.

Matrix Spike (MS). The MS recoveries for all post spike analyses were within 75% to 125%
with the exception of Ru. The analytical lab only had MS information for Ru, Rh, and Pd to
calculate recovery, none of which met the QC criteria. The reason for the MS failure is suspected
to be due to insufficient spiking level, that is, the MS concentration was less than the EQL
(10XMDL). ¢

Process Blank (PB) and Blank Spike (BS). The PBs were all below or near detection. The
recovery of the blank spikes met the QC criteria for LCS recovery of 80% to 120%.

Initial Calibration Blank (ICB) and Continuing Calibration Blank (CCB). The ICB and CCB
standards are a 1% high purity nitric acid solution used as the diluent for the samples, except for
the Pu analysis, where the eluent for the Pu separation was used. The ICB and CCB standards
were at or below the instrument detection level except for the Pu analysis, where the standards
were above detection level but 2 to 7 orders of magnitude below the sample concentrations.

Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV).
Recoveries of the ICV and CCV standards were within 90% to 110%.

Internal Standard (IS). The ISs were within the range of 30% to 120%.

ICP-MS Data Report, ASR 6107 Page 2 of 2



Battelle, PNNL, AIAL

ICP/MS Analysis Data Report . '
Y P Analyst: ,//W Z/éS/GL

Client: R.Hallen ﬂ

WP/Project: W57984 / 42365 Reviewed by: ﬁnf;} g[["llQ'I/

ASR/Log-In: 6107, 01-01017
Report Date: 2/18/02

Unless otherwise specified; the results are reported ug analyte/g of original sample.

RPL Log-In # Sample ID ICP/MS ID Ru Rec/RPD ':5 MDL Rh Rec/RPD
uglg + 180 % : palg — ualg + 1SD %
1%HNO, ICE < 7.65E-06 = < 2.33E-06
1%HNO4 ccBi < 7.13E-06 = -1.01E-05 2.17E-06 2.23E-06 * 5.86E-06
1%HNO, CCB2 1.66E-056 + 3.18E-06 2.30E-06 2.77E-06 = 5.63E-07
True Value 1.00E-04 1.00E-04
iIcv IcvV 9.38E-05 * 4.53E-06 94% : 9.38E-05 * 3.80E-06 94%
ccvi ccvi 9,72E-06 + 2.49E-06 97% i 9,62E-06 * 1.6SE-06 95%
CCVv3 ccvs3 1.10E-04 + 1.17E-05 110% & 9.30E-06 + 2.63E-07 93%
0.1ppb Rh, Pd, Ru (Dowex added) ccv2 1.02E-04 + 3.89E-07 102% = 9.82E-05 + 2.54E-06 93%
01-01017-PB  PROCESS BLK Sample 1 < 4.61E-02 = -5.83E-02 1.40E-02 < 1.40E-02 + -7.90E-03
01-01017-PB PROCESS BLK post spike Sample2 5.46E-02 5.64E-01 + b.87E-02 1.60E-02 5.04E-01 * 1.42E-02
Post Spike Concentration expected 6.51E-01 85% 6.67E-01 76%
01-01017-BS2 ICP Blank Spike-2 Sample3 4.62E-02 6.65E-01 + 4.46E-02 - 1.41E-02 6.70E-01 + 3.36E-02
Spike Concentration expected 6.42E-01 104% 6.42E-01 102%
01-01017 LS-16 Sample4 3.89E+00 9.02E+00 * 1.16E+00 J19E+00 2.2BE+00 = 4.11E-01
01-01017 LS-16 replicate Sampleb 3.84E+00 8.25E+00 + 7.47E-01% 8.9% §§f1.17E+00 2.45E+00 = 3.35E-01 8%
01-01017-DUP LS-16-DUP Sample6 3.84E+00 1.26E+01 = 1.28E+00 2% £1.17E+00 3.64E+00 + 6.59E-01 44%
01-01017 LS-16 post spike Sample8 4.16E+00 8.32E+01 + 8.27E+00 ;1.14E+00 4.71E+01 + 1.37E+00
Post Spike Concentration expected 5.20E+ 01 143% 3 5.20E + 01 86%
01-01017-MS2 ICP Matrix Spike-2 Sample? 3.82E+00 2.98E+01 + 2.45E+00 ";:1.16E+00 3.63E+00 + 5.34E-01
Spike Concentration expected 2.23E+00 932% & 2.28E+00 56%

MTE: ICP/MS VG (WB36913), Mettler balance 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 9/28/01

Instrument Filenames: Experiment (2BSEPO1), Procedure (010928a), Element Menu (multi) Page 1 of 2




Battelle, PNNL, AIAL

ICP/MS Analysis Data R t g -
nalysis Data Repor Analyst: /,//’M é/ZS/(J&
Client: R.Hallen 7 .

WP/Project: W57984 / 42365 Reviewed by: MEQ 24[2!07

ASR/Log-In: 6107, 01-01017
Report Date: 2/18/02

Unless otherwise specified; the results are reported ug analyte/g of

RPL Log-in # Sample ID ICP/MS ID MDL Pd Rec/RPD
Halg wolg % 15D %
1%HNO, <. - ICB < &.32E-06
1%HNO,; -~ ' CCB1 < 5.89E-06
1%HNO; ccB2 < 6.23E-06
True Value- 1.00E-04
IcV IcvV 9.35E-06 =+ b5.73E-06 94%
ccvi ccvi 8.84E-0E * 3.1BEE-06 88%
CCv3 ccva 9.28E-06 + 2.47E-06 93%
0.1ppb Rh, Pd, Ru (Dowex added) CCv2 8.84E-05 + 6.36E-06 88%
01-01017-PB PROCESS BLK Sample1 < 3.80E-02 =+ -2.35E+00
01-01017-PB  PROCESS BLK post spike Sample2 4,06E-02 7.04E-01 * 9.20E-03 :
Post Spike Concentration expected 6.51E-01 108%
01-01017-BS2 ICP Blank Spike-2 Sample3 § 2.48E-02 6.48E-01 *= 2.91E-02
Spike Concentration expected 6.42E-01 101%
01-01017 LS-16 Sample4 < 3.21E+00 + -4.16E+0O1
01-01017 LS-16 replicate Sample5 ! < 3.17E+00 * -2.19E+00
- 01-01017-DUP LS-16-DUP Sample6 § 3.17E+00 4.16E+00 + 2.29E+00
01-01017 LS-16 post spike Sample8 3.09E+00 6.386+01 + 2.60E+00
Post Spike Concentration expected 5.20E+ 01 123%
01-01017-MS2 ICP Matrix Spike-2 Sample? _ 3.1BE+00 < 3.15E+00 * -7.98E+00
Spike Concentration expected 2.28E+00

MTE: ICP/MS VG (WB38913), Mettler balance 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/28/01

Instrument Filenames: Experiment (28SEP0O1), Procedure (010928a), Element Menu (multi) Page 2 of 2




Battelle, PNNL, AIAL T o
Client: R.Hallen ICP/MS Analysis Data Report Analyst: ,//’W 7257
WP/Project: W57984 /42365

/
ASR/Log-In: 6107, 01-01017 Reviewed by:_~}31! ’J.Z 2 !!7/02'

Report Date: 2/17/02

Palladium
Unless otherwise specified; the results are reported in
y = 5657.2256x - 15.0986 Slope 5657.2256
- 3000 Intercept  -15.0986
g 2500 correl i 0.9997
o
g 2000 Std
2 (ppb) (Ctalsec)
u@_ 1500 0.000 0
- 0.010 : 57
§ 1000 0.050 278
§ 500 0.100 502
< : 0.500 . 2822
£ 0f
0.00 0.100 0.200 0.300 0.400 0.500 0.600
Std conc (ppb)
Log-In Sample ICPIMS Total Client ICP/MS Avgacps Std Conc. MDL Pd
Number 1D 1D Dil. Dil. Dil. bkg-sub Dev palg uglg uolg + 18D
1%HNO3 ICB 1 1 1 0 7 2.67E-06 6.32E-06 6.32E-06 + 1.53E+10
0.01ppb Rh, Pd, Ru 1CS1 1 1 1 57 20 1.27E-05 6.14E-06 1.27E-05 =+ 4.43E-06
0.05ppb Rh, Pd, Ru 1CS2 1 1 1 278 17 5.17E-05 6.14E-06 5.17E-05 =+ 3.09E-06
0.1ppb Rh, Pd, Ru 1CS3 1 1 1 502 20  9.14E-05 6.14E-06 9.14E-05 + 3.69E-06
0.5ppb Rh, Pd, Ru 1CS4 1 1 1 2822 73 5.01E-04 6.20E-06 5.01E-04 + 1.31E-05
0.1ppb Rh, Pd, Ru ICV 1 1 1 514 31 9.35E-05 6.21E-06 9,35E-05 =+ 5.73E-06
0.1ppb Rh, Pd, Ru CCcV1 1 1 1 485 17  8.84E-05 5.80E-06 8.84E-05 + 3.15E-06
0.1ppb Rh, Pd, Ru (Dowex adde CCV2 1 1 1 485 35  8.84E-05 6.29E-06 8.84E-05 + 6.36E-06
Strontium std Sr50ppb 1 1 1 5 4 3.60E-06 6.10E-06 6.10E-06 + 4.40E-06
1%HNO3 CCB1 1 1 1 -3 14 2.16E-06 5.89E-06 5.89E-06 + -2.84E-05
01-01017-PB PROCESS BLK Samplel 6505 260 25 0 14 1.71E-02 3.80E-02 3.80E-02 + -2.35E+00
01-01017-PB PROCESS BLK post spike Sample2 7166 260 27.5 541 7  7.04E-01 4.06E-02 7.04E-01  + 9.20E-03
01-01017-BS2 ICP Blank Spike-2 Sample3 6505 260 25 548 25  6.48E-01 3.81E-02 6.48E-01 + 2.91E-02
01-01017 LS-16 Sampled 520400 260 2000 -1 12 1.31E+400 3.21E+00 3.21E+00 + -4.16E+01
01-01017 LS-16 replicate Sample5 520400 260 2000 -12 9  2.40E-01 3.17E+00 3.17E+00 + -2.19E+00
01-01017-DUP LS-16-DUP Sample6 507200 254 2000 31 17 4.16E+00 3.17E+00 4.16E+00 + 2.29E+00
01-01017-MS2 |CP Matrix Spike-2 Sample7 489260 245 2000 -9 21 5.71E-01 3.15E4+00 3.15E+00 + -7.98E+00
01-01017 LS-16 post spike Sample8 572440 260 2200 615 26 6.38E+01 3.09E+00 6.38E+01 .+ 2.60E+00
0.1ppb Rh, Pd, Ru CCV3 1 1 1 510 14  9.28E-05 6.05E-06 9.28E-05 + 2.47E-06
Strontium std Sr100ppb(2) 1 1 1 20 8 6.28E-06 5.99E-06 6.28E-06 + 2.50E-06
1%HNO3 ccB2 1 1 1 -17 6 -3.38E-07 6.23E-06 6.23E-06 + -2.23E-06

MTE: ICP/MS VG (WB36913), Mettler balance 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/28/01 :
Instrument Filenames: Experiment (28SEPO1), Procedure (010928a), Element Menu (multi} Page 1 of 1




Battelle, PNNL, AIAL Analyst: //Z 77/2 s,/o L

Client: R. Hallen ICP/MS Analysis Data Report
WP/Project: W57984 [ 42365
ASR/Log-in: 6107, 01-1017 Reviewed By 2 7/p1/
Report: 2/17/02
Rhodium
Unless otherwise specified; the results are reported in pg analyte/g of original sample.
y = 6048.6417x - 12.6253 Slope 6048.6417
- 3500 Intercept -12.6253
a. 3000 correl 0.9998
-9 2500
@ std
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Std conc (ppb)
Log-In Sample ICP/MS Total Client ICP/MS Avg acps Std Conc. MDL Rh 103
Number 1D 10 [o1i Dil. Dit. bkg-sub Dev uglg uglg uglg + 18D
1%HNO3 1ICB 1 1 1 0 1 2.09E-06 2.33E-06 2.33E-06 + -4.48E-06
0.01ppb Rh, Pd, Ru ICS1 1 1 1 60 7 1.20E-05 2.26E-06 1.20E-05 + 1.44E-06
0.05ppb Rh, Pd, Ru 1CS2 1 1 1 303 7 5.21E-05 2.27E-06 5.21E-06 + 1.16E-06 .
.0.1ppb Rh, Pd, Ru 1CS3 1 1 1 547 2 9.25E-05 2.26E-06 9.26E-05 + 3.35E-07
0.5ppb Rh, Pd, Ru 1CS4 1 1 1 3019 26 5.01E-04 2.29E-06 5.01E-04 + 4.28E-06
0.1ppb Rh, Pd, Ru ICV 1 1 1 555 22  9.38E-05 2.29E-06 9.386-05 + 3.80E-06
0.1ppb Rh, Pd, Ru ccvt 1 1 1 563 9 9.52E-05 2.14E-06 9.52E-05 + 1.59E-06
0.1ppb Rh, Pd, Ru (Dowex adde CCV2 1 1 1 581 15 9.82E-05 2.32E-08 3.82E-05 + 2.54E-08
Strontium std Sr50ppb 1 1 1 5 1 2.93E-06 2.25E-06 2.93E-06 + 8.57E-07
1%HNO3 ccB1 1 1 1 1 2 2.23E-06 2.17E-06 2.23E-06 + 5.86E-06
01-01017-PB PROCESS BLK Sample1 6505 260 25 -1 1 1.26E:02 _ 1.40E-02  1.40E:02 + -7.90E-03
01-01017-PB PROCESS BLK post spike Sample2 7156 260 27.5 414 12 5.04E-01 1.50E-02 5.04E-01 * 1.42E-02
01-01017-BS2 ICP Blank Spike-2 Sample3 6505 260 25 610 31 6.70E-01 1.41E-02 6.70E-01 + 3.36E-02
01-01017 LS-16 Sample4 520400 260 2000 14 2 2.25E+00 1.19E+00 2.25E4+00 + 4.11E-01
01-01017 LS-16 replicate SampleS 520400 260 2000 16 2 2.45E+00 1.17E+00 2.45E+00 + 3.35E-01
01-01017-DUP LS-16-DUP Sample6 507200 254 2000 30 6 354E+00 1.17E+00 3.54E+00 * 6.59E-01
01-01017-MS2 ICP Matrix Spike-2 Sample? 489260 245 2000 31 § 363E+00 1.16E+00 3.53E+00 * 5.34E-01
01-01017 LS-16 post spike Sample8 572440 260 2200 485 14 4.71E+01 1.14E4+00 4.71E+01 + 1.37E+00
0.1ppb Rh, Pd, Ru CCv3 1 1 - 1 550 2  9.30E-05 2.23E-06 9.30E-05 + 2.63E-07
Strontium std Sr100ppb(2) 1 1 1 10 2 3.73E-06 2.21E-06 3.73E-06 + 7.22E-07
1%HNO3 CCB2 1 1 1 4 1 2.77E-06 2.30E-06 2.77€-06 + 5.63E-07

MTE: ICP/MS VG (WB36913), Mettler balance 512-06-01-014

Analysis Date: 9/28/01

Instrument Filenames: Experiment (28SEPO1), Procedure (010928a), Element Mend {mutti) Page 1 of 1




Battelle, PNNL, AIAL / / g A
Client: R.Hallen ICP/MS Analysis Data Report Af\a'YSt:‘V / ?/Zd -

WP/Project: W57984 / 42305 .
ASR/Log-In: 6107, 01-01017 Reviewed by:_ 1120 2/17/f*

Report Date: 2/17/02

Ruthenium
Unless otherwise specified; the results are reported in g analyte/g of original sample.
2500 y = 6434.9650x - 24.2723 Slope 6434.9650
@ Intercept -24.2723
& 3000 correl ; 0.9998
o .
g 2500 sid :
& 2000 {ppb) (Cts/sec)
S 0.000 - 0
= 1500 0.010 50
g 1000 0.050 . 303
2 0.100 571
a 500 ‘0:500 T 3202 : - e
- 0 HA .
0.000 0.100 0.200 0.300 0.400 0.500 0.600
Std conc (ppb)
Log-in Sample - - - - ICPIMS Total Client ICP/MS Avg acps Std Conc. mMDL Ru
Number ID 1D Dil. Dil. Dil. bkg-sub Dev palg pglo n9lg + 18D
1%HNO3 - IcB 1 1 1 0 16 3.77E-06 7.65E-06 < 7.65E-06 + #DIV/O!
0.01ppb Rh, Pd, Ru ICS1 1 1 1 50 15 1.15E-05 7.43E-06 1.15E-056 + 3.47E-06
0.05ppb Rh, Pd, Ru ICS2 1 1 1 303 51 5.09E-05 7.44E-06 5.09E-05 + 8.51E-06
0.1ppb Rh, Pd, Ru ICS3 1 1 1 571 26 9.24E-05 7.43E-06 9.24E-05 + 4.15E-06
0.5ppb Rh, Pd, Ru ICS4 1 1 1 3202 75 5.01E-04 7.50E-06 5.01E-04 + 1.18E-05
0.1ppb Rh, Pd, Ru ICV 1 1 1 579 28  9.38E-05 7.53E-06 9.38E-05 + 4.53E-06
0.1ppb Rh, Pd, Ru ccvi 1 1 1 601 15  9.72E-05 7.03E-06 9.72E-05 + 2.49E-06
0.1ppb Rh, Pd, Ru (Dowex adde CCV2 1 1 1 635 2  1.02E-04 7.62E05 - 1.02E-04 + 3.89E-07
Strontium std Sr50ppb 1 1 1 -3 6 3.37E-06 7.39E-06 < 7.39E-06 + -1.76E-05
1%HNO3 CCB1 1 1 1 -6 9 2.81E-06 713E06 < 7.13E-06 + -1.01E-05
01-01017-PB PROCESS BLK © Samplel 6505 260 25 -6 8 1.84E-02 461E02 < 4.61E-02 + -5.83E-02
01-01017-PB PROCESS BLK post spike Sample2 7156 260 27.5 474 50 5.54E-01 5.46E-02 5.564E-01 + 5.87E-02
01-01017-BS2 ICP Blank Spike-2 Sample3 6505 260 25 634 43  6.65E-01 4.62E-02 6.65E-01 *+ 4.46E-02
01-01017 LS-16 Sampled 520400 260 2000 87 11 9.02E+00 3.89E+00 9,02E+00 + 1.16E+00
01-01017 LS-16 replicate SampleS 520400 260 2000 78 7 8.25E+00 3.84E+00 8.25E+00 % 7.47E-01
01-01017-DUP LS-16-DUP - Sample6 - . 507200 254 2000 134 14 1.25E+01 3.84E+00 1.25E+01 + 1.28E+00
01-01017-MS2 ICP Matrix Spike-2 Sample? 489260 245 2000 367 30 2.98E+01 3.82E+00 2.98E4+01 + 2.45E+00
01-01017 LS-16 post spike Sample8 572440 260 2200 911 91 8.32E+01 4.16E+00 8.32E+01 + 8.27E+00
0.1ppb Rh, Pd, Ru CCV3 1 1 1 681 72 1.10E-04 7.33E-06 1,10E-04 % 1.17E-05
Strontium std Sr100pph(2) 1 1 1 90 8 1.78E-05 7.26E-06 1.78E-05 + 1.67E-06
1%HNO3 ccB2 1 1 1 76 . 16 1.56E-05 7.54E-06 1.66E-05 * 3.18E-06

MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/28/01

instrument Filenames: Experiment 28SEPO1), Procedure(010928a), Element Menu (muilti}




Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

Client: R.Hallen )
WP/Project: W57984 / 42365 » ///5«4,,% !7/24%)L

Analyst:
ASR/Log-In: 8107, 01-01017 ‘//

Report Date: 2/17/02 Reviewed by: :lmﬁ Id>-\1.02
Unless otherwise specified; the results are reported in ug analyte/g of original sample for total uranium, uCi analyte/ g of original sample for uranium isotopes.
RPL Log-In # Sample ID ICP/MS ID \ MDL Total Uranium Rec/RPD MDL U-233 Rec/RPD
: pglg uglg + 1SD % uCilg * 1SD %

1%HNO, IcB < 1.39E-04 & < 1.34E-06

1%HNO, ccB1 & < 1.37E-04 < 1.32E-06 -

1%HNO; : CCB2 < 1.B2E-04° < 1.47E-06

True Value 2.50E-03

Icv IcvV 4 2.36E-03 + 2.62E-06 94%

CCcV1 ccvi i 2.37E-03 =+ 2.24E-0b 95%

CCV2 ccv2 2.40E-03 * 2.08E-05 96% i
01-01017-PB  PROCESS BLK Samplel § 7.84E-03 8.24E-01 = 5.37E-03 : 4.51E-09 < 8.10&E-06
01-01017-PB  PROCESS BLK post spike ~ Sample3 8.45E-03 3.21E+00 + 2.82E-02 1.49E-07 < 1.27E-06
Post Spike Concentration expected 2.60E+00 92% :
01-01017-BS2 ICP Blank Spike-2 Sample2 7.89E-03 9.08E-01 ) 2.02E-02 5.63E-09 < 1.26E-06
01-01017 Ls-16 Sample4 .' 8.29E-02 3.21E+02 + 3.76E+00 # 3.03E-07 1.17E-03 + 2.31E-06
01-01017 LS-16 replicate Sample5 8.84E-02 3.24E+02 * 2.11E+00 1.1% & 3.25E-07 1.19E-03 * 4.60E-0b 1.7%
01-01017-DUP LS-16-DUP Sample6 8.569E-02 3.48E+02 + 4.7B6E+00 8.1% 3.13E-07 1.27E-03 + 3.34E-05 7.9%
01-01017 LS-16 post spike Sample8 1.78E-01 5.46E+02 + 4.57E+00 . 6.69E-07 1.72E-03 * 6.26E-0b
Post Spike Concentration expected 2.08E+02 108% & - :

i
01-01017-MS2 ICP Matrix Spike-2 Sample7 % 8.5OE-02 3.07E+02 * 2.90E+00 3.14E-07 1.13E-03 + 2.19E-056
iug = 9.64E-03 uCi

MTE: ICP/MS VG (WB36913), Mettler 512-068-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 9/25/01

Instrument Filenames: Experiment {25SEPQ1, 25SEP01B), Procedure (0109252, 010925b), Element Menu (UNp, Uiso) Page 1 of 3




Battelle, PNNL, AIAL
. ICP/MS Analysis Data Report ,
Client: R.Hallen -
WP/Project: W57984 / 42365 Analyst:// //W M Z/ZS L

ASR/Log-In: 8107, 01-01017

Report Date: 2/17/02 Reviewed by: <TifJ ;luln

Unless otherwise specified; the results are reported in ug

RPL Log-In # Sample ID ICP/MS ID MDL U-234 Rec/RPD MDL U-235 Rec/RPD
uCilg + 1SD % uCilg + 1SD %
1%HNO, ICB < 8.867E-07 : ! < 3.01E-10
- 1%HNO;. ccB1 < 8.53E-07 < 2.96E-10

1%HNG, cCB2 < 9.48E8-07 & < 3.29€E-10

True Value

IcvV ICV

CCV1 CCvi

ccv2 : ccv2
01-01017-PB  PROCESS BLK Samplel 3 7.62E-08 < 8.01E-06 : 1.01E-10 1.06E-08 + 7.39E-09
01-01017-PB  PROCESS BLK post spike  Sample3 4.76E-09 < 1.81E-06 4.40E-11 1.67E-08 + 2.45E-09
Post Spike Concentration expected
01-01017-BS2 ICP Blank Spike-2 Sample2 3 1.04E-07 < 1.20E-05 : 5.83E-11 6.71E-09 +  5.75E-09
01-01017 LS-16 Sample4 3.64E-08 1.41E-04 =+ 1.07E-0% 1.34E-09 5.21E-06 * 7.00E-08
01-01017 ~ LS-16 replicate Sampleb 3.83E-08 1.40E-04 + 9.06E-06 0.4% 1.44E-09 5.29E-06 + 3.74E-08 1.6%
01-01017-DUP LS-16-DUP Sample6 3.78E-08 1.563E-04 + 3.06E-06 8.1% & 1.39E-09 5.64E-06 + 6.23E-08 8.0%
01-01017 LS-16 post spike Sample8 £ 6.37E-08 1.95E-04 + 1.34E-06 2.66E-09 8.13E-06 =+ 1.66E-07
Post Spike Concentration expected : L
01-01017-MS2 ICP Matrix Spike-2 Sample?7 3.69E-08 1.34E-04 =+ 1.47E-05 : 1.40E-09 6.06E-06 + 6.09E-08

1ug = 6.24E-03 uCi ! 2.16E-06 uCi

MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/25/01 )

Instrument Filenames: Experiment {26SEPO1, 26SEP018), Procedure (010925a, 010925b), Element Menu (UNp, Uiso) Page 2 of 3




Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

Client: R.Hallen // g 742—5—ﬁ’b
WP/Project: W57984 / 42365 Analyst: )

ASR/Log-In: 8107, 01-01017 7

Report Date: 2/17/02 Reviewed by: :bﬂ:f Jd2 l]z’b‘l/

Unless otherwise specified; the results are reported in ug \

RPL Log-In # Sample D ICP/MS 1D MDL U-236 Rec/RPD MDL U-238 Rec/RPD
uCilg  + 1SD % uCilg £ 1SD %

1%HNO; {of:] < B9.00E-09 | < 4.68E-11 7"

1%HNO, - ccB1 < B8.8BE-09 .. o < 4.60E-11.. -

1%HNO; . CCB2 < 9.85E-09 - . L < B.11E-11-#+,

True Value

icv Icv

ccvi ccvt

ccv2 ccv2
01-01017-PB PROCESS BLK Samplel  5.94E-10 < 6.24E-08 i 2.62E-09 2.76E-07 * 2.15E-09
01-01017-PB  PROCESS BLK post spike ~ Sample3 1.66E-11 < 6.30E-09 % 2.83E-09 1.086-06 + 8.96E-10
Post Spike Concentration expected _. P 8.69E-07 92%
01-01017-BS2 ICP Blank Spike-2 Sample2 2.26E-10 < 2.59E-08 % 2.6BE-09 3.06E-07 + 1.42E-09
01-01017 LS-16 Sampled i 2.46E-09 9.53E-06 + 3.65E-07 2.?65-08 1.07E-04 + 8.52€-09
01-01017 LS-16 replicate Sampleb 2.58E-09 9,45E-06 * 2.54E-07 0.8% ; 2.95E-08 1.08E-04 * 6.36E-09 1.1%
01-01017-DUP LS-16-DUP Sample6 2.38E-09 9.62E-06 + 2.61E-07 0.9% # 2.87E-08 1.166-04 = 1.10E-08 8.1%
01-01017 LS-16 post spike Sample8 4.48E-09 1.37E-06 =+ 65.44E-07 © 5.94E-08 1.82E-04 + 2.11E-08
Post Spike Concentration expected o 6.95E-0b 108%
01-01017-MS2 ICP Matrix Spike-2 Sample? 2.50E-09 9.06E-06 + 1.21E-07 ¢ 2.83E-08 1.02E-04 + 8.93E-09

E i
1pg = 6.47E-06 uCi i 3.36E-07 pCi

MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1, 26SEPO1B), Procedure {010925a, 010925b), Element Menu {UNp, Uiso) Page 3 of 3




! Battelle, PNNL, AIAL
ICP/MS Analysis Data Report
Client: R.Hallen
WP/Project: W57984 / 42385

ASR/Log-In: 8107, 01-01017
Report Date: 2/17/02

RPL Log-In # Sample ID ICP/MS ID ‘ Abundance
U-233 U-234 U-235 U-236 U-238
1%HNO, -~ 1cB |Average 778603  4.83E-03  -1.32603  -1.37E-02 1.02E+00
’ stdev 8.81E:02  1.47E-01 3.60E01  4.46E-02 4.37E-01
%RSD 11132.8%  3051.4%  -27243.6%  -325.1%  42.9%
NIST U030 IcS1  |Average -2.06E06  1.90E-04 305602  2.00E-04  9.69E-01
stdev 3.10E-06  8.0BE-06 1.28E04  9.14E-06  1.36E-04
%RSD -150.2% 4.3% 0.4% 46%  001%
True Value . 1.90E-04 3.05€-02 2.00E-04 9.69E-01
NIST 43218 IV [Average 8.44E07  4.85E-05 7.25603  -3.69E-07  9.93E-01
stdev 1.51E-06  3.75E-06 1.47E04  1.10E-06  1.48E-04
%RSD -178.6% 7.7% 20%  -299.3%  0.01%
True Value 5.29E-05 7.20E-03 9.93E-01
NISTUO30 " éovi laveage 7 -111E06  1.88E04 304602  2.00E-04  9.69E-01
stdev 221606  2.89E-06 202604  7.76E-06  2.04E-04
%RSD -199.7% 1.5% 0.7% 39%  0.02%
True Value 1.90E-04 3.05€E-02 2.00E-04 9.69E-01
1%HNO, cCB1  |Average 3.61E-05  -4.89E-05 258602  1.85E-04  9.74E-01
stdev 1.30E-03  1.04E-03 1076:02  9.52E-04  1.15E-02
%RSD 3594.3%  -2120.1% 41.3%  489.2% 1.2%
01-01017-PB  PROCESS BLK Samplel  |Average 102603 -1.66E-03 598603  1.17E-03  9.95E-01
stdev 201E-03  1.40E-03 415603  2.58E-03  7.78E-03
%RSD -196.0% -90.0% 69.4% 220.5% 0.8%
01-01017-BS2 ICP Blank Spike-2 Sample2 |Average 144603 -2.12E:03 3.42603  4.40E-04 1.00E+00
stdev 745604  1.07E-03 203603  9.41E-04  4.65E-03
%RSD -49.8% -50.6% 85.8% 213.6% 0.5%
01-01017-PB  PROCESS BLK post spike  Sample3 |average 412605  -9.04E-05 241603  -3.03€-056  9.98E-01
stdev 1.60£-04  1.83E04 353604 202604 B.30E04
%RSD 3885%  -202.4% 14.6%  -667.2% 0.1%
01-01017 Ls-16 Sampled  |Average 3.79E04  7.05E:05 761E03  4.59E-04  9.92E-01
stdev 7.47606  5.37E06 101604  1.76€:06  7.90E-05
%RSD 2.0% 7.6% 1.3% 38%  0.01%
01-01017 LS-16 replicate Sample5  |Aversge 3.81E-04  6.94E-05 754603  4.50E:04  9.92E-01
stdev 1.47E-05  4.48E-06 533605  1.21E-056 5.83E-05
%RSD 3.9% 6.5% 0.7% 27%  0.01%
01-01017-DUP LS-16-Dup Sample6 |Average 3.78E04  7.05E-05 750603  4.276:04  9.92E-01
stdev 9.96E06  1.41E-06 §.28E-05  1.16E:05  9.44E-05
%RSD 2.6% 2.0% 11% 27%  0.01%
01-01017-MS2 ICP Matrix Spike-2 Sample7 |Average 3.83E04  6.97E-05 7.62603  4.556:04 9.91E-01
stdev 7.39E06  7.66E-06 9.17E-05  6.09E-06  B8.64E-05
%RSD 1.9% 11.0% 1.2% 13%  001%
01-01017 LS-16 post spike Sample8 |Average 3.26E04  5.74E-05 6.89E-03  3.89E-04  9.92E-01
stdev 119605  3.93E-06 1.326.04  1.54E-056  1.15E-04
%RSD 3.6% 6.9% 1.9% 40%  0.01%
NIST U030 ccv2  |Average 159606  1.83E-04 3.03£02  2.10E04  9.69E-01
stdev 2.63E-06  7.48E06 2.10E-04  9.99E-06  2.14E-04
%RSD -165.2% 41% 0.7% a8%  0.02%
True Value 1.90E-04 3.05E-02 2.00E-04 9.69E-01
1%HNO;, CCB2  |Average 342604  -9.23E-04 311602  -4.02E:04  9.71E:01
stdev 9.74E03  1.01E-02 8.35E-03  1.11E02  3.426-02
%RSD .2847.2%  -1094.1% 26.9%  -2756.0% 3.5%

MTE: ICP/MS VG (WB36913), Mettler balance 512-06-01-014

Procedurs: PNL-ALO-280 Rev. 1

Analysis Date: 9/25/01

Instrument Filsnames: Experiment (25SEPO1B}, Procedure (01 0925b)}, Element Menu {uiso} Page 1 of 1



Battelle, PNNL, AIAL ///M 2/2 2
Client: R.Hallen ICP/MS Analysis Data Report Analyst:
WP/Project: W57984 / 42365 e
ASR/Log-in: 6107, 01-01017 Reviewed by: :ﬂ)]ﬁo 3-9.ev
Report Date: 2/9/02
Total Uranium
Unless otherwise specified; the results are reported in g analyte/g of original sample.
160000 y = 15141.6338x - 1998.3662 Slope 16141.6338
Intercept -1998.3662
5 140000 correl 0.9987
% 120000 -
g 100000 {ppb) s‘d((lt /sec)
2. pp sls
é 80000 0.000 0
= 60000 0.260 3203
£ 40000 0.500 6278
2 20000 2.500 33765
2 5.000 68749
OE 10.000 152350
0.000 2.000 4.000 6.000 8.000 10.000 12.000
Std conc (ppb)
RPL Log-In Sample ICP/MS Total Client ICP/MS Avg acps Std Conc. MDL total U
Number 1D D Dil. Dil. Dil. bkg-sub Dev rolg rglg ralg + 8D
1%HNO3 I1CB 1 1 1 O b 1.32E-04 1.39E-04 & 1.39E-04 + 3.90E-06
0.26ppb U ICS1 1 1 1 3203 7 3.43E-04 1.38E-04 3.43E-04 + 7.23E-07
0.6ppb U ICS2 1 1 1 6278 67 b6.47E-04 1.37E-04 6.47E-04 + b5.82E-06
2.6ppb U 1CS3 1 1 1 33766 544 2.36E-03 1.48E-04 2.36E-03 + 3.81E-0b
Sppb U 1CS4 1 1 1 68749 686 4.67E-03  1.40E-04 4,67E-03 + 4.66E-0b
10ppb U ICSb 1 1 1 152360 1126 1.02E-02 1.28E-04 1.02E-02 + 7.53E-06
2.6ppb U ICV 1 1 1 33691 374 2.36E-03 1.39E-04 2.36E-03 * 2.62E-0b
2.6ppb U CCV1 1 1 1 33953 320 2.37E-03  1.3BE-04 2.37E-03 + 2.24E-05
1%HNO3 CCB1 1 1 1 -142 3 1.23E-04 1.37E-04 4« 1.37E-04 + -2.60E-06
01-01017-PB PROCESS BLK Sample1 5204 260.2 20 398 3 8.24E-01 7.05E-Ot 8.24E-01 + b.37E-03
01-01017-BS2 ICP Blank Spike-2 Sample2 5204 260.2 20 644 14 9.08E-01 7.10E-O01 9.08E-01 + 2.02E-02
01-01017-PB PROCESS BLK post spike Sample3 6204 260.2 20 7341 64 3.21E+00 7.60E-0O1 3.21E4+00 + 2.82E-02
01-01017 LS-16 Sample4 52040 260.2 200 91332 1068 3.21E+02 7.46E+00 3.21E+02 + 3.76E+00
01-01017 LS-16 replicate Sampleb 52040 260.2 200 92399 602 3.24E+02 7.96E400 3.24E+02 + 2.11E+00
01-01017-DUP LS-16-DUP Sample6 60720 253.6 200 101886 1392 3.48E+02 7.73E+00 3.48E+02 + 4.76E+00
01-01017-MS2 ICP Matrix Spike-2 Sample7 48926 244.6 200 93148 877 3.07E+02 7.66E+00 3.07E+02 + 2.90E+00
01-01017 LS-16 post spike Sample8 104080 260.2 400 77431 648 b5.46E+02 1.60E+01 B.46E+02 + 4.67E+00
2.6ppb U CCvV2 1 1 1 343656 298 2.40E-03 1.63E-04 2.40E-03 + 2.08E-056
1%HNO3 CcCB2 1 1 1 -130 3 1.23E-04 1.62E-04 1.62E-04 + -3.9BE-06
MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 9/25/01
Page 1 of 1

Instrument Filenames: Experiment {25SEPO1), Procedure (010925a), Element Menu (UNp)




WP/Project: 'W57984 / 42365 ICP/MS Analysis Data R
ASR/Log-In: 6107, 01-01017 CP/MS Analysis Data Report Revicwed "’m‘p)#}o”

Report Date: 2/17/02

Client: R Hallen Battelle, PNNL, AIAL Analyst:

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts -Counts Ratio Ratio Ratio Ratio Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230 U234/Th230 U235/Th230 U236/Th230 U238/Th230
1 10051.09 1.23 1.77 3.07 1.15 34.09 1.54 -5.42E-06 7.15E-06 1.56E-04 4.91E-06 9.59E-05
2 9576.75 1.07 1.31 1.23 1.07 34.70 0.61 7.04E-05 5.46E-05 6.77E-05 8.95E-05 4.17E-04
3 9313.78 1.15 2.07 1.54 0.84 23,95 2.15 -7.93E-05 -2.29E-05 -6.13E-05 -9.50E-05 -8.02E-04
4 9045.28 1.77 1.92 0.92 1.23 32.25 1.54 4.86E-05 2.60E-05 -6.32E-05 9.07E-06 2.52E-04
s 8892.29 1.31 1.38 0.92 1.38 30.10 1.84 -3.42E-05 °  -6.49E-05 -9.86E-05 -8.43E-06 3.45E-05
AVCragCBkg: 15 === ==s===== ==s=s==== Sm===S=S=s =======
avg 1.54E+00 3.96E-09  -2.46E-09 6.73E-10 6.98E-09 -5.19E-07
Std Dev 5.14E-0! 5.44E-05 4.11E-05 9.62E-05 5.87E-05 4.22E-04
%RSD 33.47 1372909.21 -1668015.93 14296530.44 839985.97 -81413.33
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233
Spike Factor 234: Atomic Weight 234: 234.0409
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: 238.0508
SAMPLE NAME ICB - 1%HNO, ;
Sample Weight:
NG OF 230 ADDED: 1.00

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance
U233 = 1.04E+04 -1.776E-03
U234 = -6.45E+03 4.833E-03
U235 = 1.76E+-03 -1.321E-03
U236 = 1.83E+04 -1.371E-02
U238 = -1.36E+06 1.018E400
Total U -1.33E+06 1.00E+00

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1B ), Procedure (010925b), Element Menu (uiso)




Battelle, PNNL, ATAL
ICP/MS Analysis Data Report

Client: R.Hallen

WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/17/02

SAMPLE / CHECK ISOTOPIC CALCULATION

Amlys%@:"’"i/z w2

Reviewed by Sh}if) )./ P l(.'b

Ratio Ratio Ratio Ratio
U234/Th230 U235/Th230 U236/Th230  U238/Th230
823603  1.27E+00 4.04E+01
707E-03  1.14E+00 3.64E+01
6.49E-03  1.11E+00 3.51E+01
. 7.01E03  1.08E+00 3.42E+01
6.51E-03  1.06E+00 3.40E+01
" 7.06E03  1.13E+00 7.43E-03  3.60E+01
6.33E-04 7.48E-02 5.50E-04  2.36E+00
8.97 6.60 7.43 6.55

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230
1 7654.29 1.07 67.64 9828.36 65.49 309392.78 2.15 -1.11E-04
2 8121.53 1.07 61.27 9364.16 66.41 295146.31 1.54 -3.06E-05
3 8145.49 1.46 56.51 9118.40 62.03 285464.50 1.54 1.49E-05
4 8102.79 1.61 60.88 8811.50 61.57 277110.69 1.84 -3.37E-06
5 8010.32 1.38 ~ 57.89 8597.68 56.89 272361.94 3.69 -2.53E-04
Average Bkg: 215 =======
avg 2.15E+00 -7.67E-05
Std Dev 8.01E-01 9.82E-05
%RSD 37.25 -128.03
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233 .
Spike Factor 234: Atomic Weight 234: 234.0409 -
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000 .
Spike Factor 238: Atomic Weight 238: 238.0508
[SAMPLE NAME ICSt -uo30 |
Sample Weight:
NG OF 230 ADDLED: 1.00
Volume Submitted:
ISOTOPE DILUTION ANALYSIS CALCULATIONS
atoms Abundance
certified
U233 = -2.01E+08 -2.064E-06
U234 = 1.85E+10 1.900E-04 1.90E-04
U235 = 2.97E+12 3.050E-02 3.05E-02
U236 = 1.95E+10 2.000E-04 2.00E-04
U238 = 9.43E+13 9.691E-01 9.69E-01
Total U 9.73E+13 1.00E+00

Analytical Equipment: ICP/MS VG WH36913, Mettler balance 512-06-01-014
Procedure: PNL-ALO-280

Analysis Date: 9/25/01
Instrument Filenames: Experiment (25SPO1B ), Procedure (010925b), Element Menu (uiso)




Client: R.Hallen

WP/Project: 'W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/17/02

Raw
Counts
Run No. 230
1 11754.99
2 9022.24
3 8422.89
4 8062.24
5 7791.75
Spike Factor 233:
Spike Factor 234:
Spike Factor 235:
Spike Factor 236:
Spike Factor 238:
U233 =
U234 =
U235 =
U236 =
U238 =
Total U

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

Analytical Equipment: ICP/MS VG WB3691, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280
Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1B ), Procedure (010925b), Element Menu (uiso)

Ratio
U234/Th230

2/25/v2

Analyst: A+
Reveiwed by: and) 1—/' 7/('1/
Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Ratio Ratio Ratio Ratio
233 234 235 236 238 226 U233/Th230 U235/Th230 U236/Th230 U238/Th230
1.38 22.19 3004.49 1.77 396127.38 2.46 -6.41E-05 2.53E-01 -1.53E-05 3.37E+0l
1.00 21.96 2717.02 1.31 375348.94 1.54 -3.34E-05 2.98E-01 1.73E-05 4.16E+01
1.61 20.58 2690.30 1.07 365543.50 1.23 6.79E-05 3.17E-01 2.45E-05 4.34E4-0!
1.07 18.12 2578.20 1.00 356116.50 2.15 -1.04E-04 3.17E-01 -9.77E-05 4.42E+401
1.61 20.73 2592.02 1.77 346693.12 - - 2.15 -4.24E-05 3.29E-01 -5.90E-06 4.45E+01
Average Bkg 1.9 ======= =S====== ======= ======= =======
avg 1.90E+00 -3.53E-05 3.03E-01 -1.54E-05 4.15E+01
Std Dev 4.51E-01 5.71E-05 2.67E-02 4.36E-05 4.01E+00
%RSD 23.70 -161.95 8.82 -283.22 9.67
1.000000 2.62E+12 Atomic Weight 233: 233
. Atomic Weight 234: 234.0409 -
Atomic Weight 235: 235.0439
Atomic Weight 236: 236.0000
Atomic Weight 238: 238.0508
[SAMPLE NAME ICV - NIST 4321b ]
Sample Weight:
NG OF 230 ADDED: 1.00
Volume Submitted:
ISOTOPE DILUTION ANALYSIS CALCULATIONS
atoms Abundance
certified
-9.24E+07 -8.443E-07
5.31E+09 4.854E-05 5.29E-05
7.93E+11 7.247E-03 7.20E-03
-4.03E+07 -3.686E-07
1.09E+14 9.927E-01 9.93E-01
1.09E+14 1.00E+00




Client: R.Hallen

WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/17/02

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

225)o2.
Analyst: f

Reviewed by: Cmflé ) )-/17)01/

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio Ratio Ratio Ratio Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230  U234/Th230 U235/Th230 U236/Th230 U238/Th230
1 7242.05 1.61 61.04 9416.08 65.80 300726.84 1.84 -6.63E-06 7.86E-03 1.29E+00 8.70E-03 4.15E+01
2 7776.55 1.61 59.27 8897.51 60.27 279802.47 2.46 -8.06E-05 7.03E-03 1.13E4+00 7.33E-03 3.60E+01
3 7841.06 1.38 57.58 8618.88 56.04 271733.44 2.46 -1.08E-04 6.76E-03 1.09E+00 6.74E-03 3.47E+01
4 7858.26 1.07 55.35 8476.34 57.89 266926.19 0.61 8.05E-05 6.70E-03 1.07E+00 7.18E-03 3.40E+01
5 7753.82 0.92 53.59 8223.52 58.12 258122.25 1.84 -9.05E-05 6.42E-03 1.05E+00 7.16E-03 3.33E+01
Averachkg; . Mmoo TN ST IR L ERa s e
avg 1.84E+00 -4.11E-05 6.95E-03 1.13E+00 7.42E-03 3.59E+01
Std Dev 6.73E-01 7.00E-05 4.94E-04 8.57E-02 6.67E-04 2.96E+-00
%RSD 36.51 -170.32 7.11 7.61 8.99 8.25
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233
Spike Factor 234: Atomic Weight 234: 234.0409 .
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: 238.0508
[SAMPLE NAME CCV1 - U030 |
Sample Weight:
NG OF 230 ADDED: 1.00
Volume Submitted:
ISOTOPE DILUTION ANALYSIS CALCULATIONS
atoms Abundance
certified
U233 = -1.08E+08 -1.109E-06
U234 = 1.82E+10 1.877E-04 1.90E-04
U235 = 2.95E+12 3.042E-02 3.05E-02
U236 = 1.94E+10 2.003E-04 2.00E-04
U238 = 9.40E+13 9.692E-01 9.69E-01
Total U 9.70E+13 1.00E+00

Analytical Bquipment: ICP/MS VG WB36913

Balance, Mettler 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPOIB ), Procedure (010925b), Element Menu (uiso)




Client: R.Hallen

WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/9/02

1 11935.34
2 9106.11
3 8386.02
4 8043.19
5 7710.29

Spike Factor 233:
Spike Factor 234:
Spike Factor 235:
Spike Factor 236:
Spike Factor 238:

U233 =
U234 =
U23s =
U236
U238

Total U

Raw
Counts
233

1.000000

atoms

1.10E+07
-1.49E+07
7.85E+09
5.92E+07
2.96E+11

3.04E+11

Raw
Counts
234

2.62E+12

MTRE: ICP/MS VG (WN36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280
Analysis Date: 9/25/01

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw
Counts Counts Counts Counts
235 236 238 226
160.00 1.84 4914.93 1.54
8.29 0.61 560.76 1.23
6.76 1.69 336.58 1.84
4.30 1.07 295.43 0.92
2.15 1.38 245.68 1.84
Average Bkg: 1.47
avg 1.47E+00
Std Dev 3.58E-01
%RSD 24.30
Atomic Weight 233:
Atomic Weight 234:
Atomic Weight 235:
Atomic Weight 236:
Atomic Weight 238:
SAMPLE NAME CCB1 - 1%HNO;
Sample Weight:

NG OF 230 ADDED:
Volume Submitted:

1.00

Ratio
U233/Th230

1309.35

233
234.0409
235.0439

Ratio

Ratio

Analyst: #ﬁa—w‘;_ﬁ’ Yo7

Reviewed by:hl[g D bﬂz /(«"V

Ratio

Ratio

U234/Th230 U235/Th230 U236/Th230 U238/Th230

1.32E-02
7.73E-04
5.85E-04
4.20E-04
4.36E-05

236.0000 .
238.0508 -

ISOTOPE DILUTION ANALYSIS CALCULATIONS

Abundance

3.612E-05
-4.890E-05
2.580E-02
1.946E-04
9.740E-01

1.00E+00

Instrument Filenames: Experiment (2SSEP01B), Procedure (010925b), Element Menu (uiso)

3.00E-03
5.09E-03
169.80

Page 1 of 1




23y (2%

Client: R.Hallen Battelle, PNNL, ATIAL Analyst:
WP/Project: W57984 / 42365 ICP/MS Analysis Data R
ASR/Log-In: 6107, 01-01017 cr/ alysis eport Reviewed by: 3IN7,) 212 o

Report Date: 2/17/02

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio Ratio Ratio Ratio Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230 -U234/Th230 U235/Th230 U236/Th230 U238/Th230
1 9326.68 1.69 1.23 5.83 2.38 536.81 0.61 1.35E-04 ~ 4.85E-05 5.59E-04 2.28E-04 5.44E-02
2 8813.65 1.38 1.84 6.45 1.07 526.37 2.76 -1.27E-04 ' -1.16E-04 4.19E-04 -1.45E-04 5.63E-02
3 8457.60 1.07 1.69 2:15 3.15 475.08 2.46 -1.33E-04 -1.02E-04 -3.19E-05 1.22E-04 5.28E-02
4 8315.68 1.54 1.23 4.61 3.15 501.18 2.46 -8.28E-05 +  -1.57E-04 2.60E-04 1.24E-04 5.69E-02
5 8151.63 1.31 .1.38 5:83 1.77 - 483.37 2.15 -7.58E-05 © -1.06E-04 4.52E-04
AvcrageBkg; 209 ======= co=o==== =ZS===== SSS=SS= S=ES=SS==
avg 2.09E+00 -5.68E-05 *  -8.65E-05 3.32E-04 6.50E-05 5.52E-02
Std Dev 7.62E-01 9.87E-05 7.03E-05 2.05E-04 1.28E-04 1.49E-03
%RSD 36.50 -173.64 : -81.27 61.94 197.53 2.70
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233
Spike Factor 234: Atomic Weight 234: 234.0409 -
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: - 238.0508
[SAMPLE NAME 01-01017, Process Blank |
Sample Weight:
NG OF 230 ADDED: 1.00

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance '
U233 = -1.45E+08 -1.024E-02 !'
U234 = -2.27E+08 -1.559E-03 :
U235 = 8.69E+08 5.976E-03
U236 = 1.70E+408 1.170E-03
U238 = 1.45E+11 9.954E-01 ;
Total U 1.45E+11 1.00E+00 :

Analytical BEquipment: ICP/MS VG WB36913,

Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1B), Procedure (010925b), Element Menu (uiso)




Client: R.Hallen Battelle, PNNL, AIAL

WP/Project: W57984 / 42365 ICP, Analysis Data Report
ASR/Log-In: 6107, 01-01017 CPIMS alysis Data Repo

Report Date: 2/17/02

SAMPLE / CHECK ISOTOPIC CALCULATION

Ratio

U234/Th230 U235/Th230 U236/Th230 U238/Th230

1.10E-04
-2.38E-04
-2.42E-05
-3.38E-05
-1.39E-04

-6.50E-05
1.17E-04
-179.90

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230
1 8908.27 1.07 2.07 17.20 1.69 6363.21 0.92 4.06E-05
2 8308.30 1.46 1.15 16.58 1.46 5955.28 3.07 -1.63E-04 :
3 7966.40 1.54 0.84 16.28 1.31 . 5815.83 0.92 9.83E-05
4 7861.64 1.46 1.38 17.20 1.38 5664.40 1.54 1.46E-05
5 7738.15 - 1.15 1.46 12.90 0.54 - 5577.16 2.46 -1.39E-04
Average Bkg: .
avg 1.78E+00 -2.96E-05
Std Dev 8.55E-01 1.03E-04
%RSD 48.03 -347.52
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233
Spike Factor 234: Atomic Weight 234: 234.0409
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: 238.0508 .
SAMPLE NAME [01-01017, Process Blank post spike
Sample Weight:
NG OF 230 ADDED: 1.00

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance
U233 = -7.75E+07 -4, 116E-05
U234 = -1.70E+-08 -9.043E-05
U235 = 4.54E+09 2.411E-03
U236 = -5.71E+07 -3.033E-05
U238 = 1.88E+12 9.978E-01
Total U 1.88E+12 1.00E+00

Analytical Bquipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Bxperiment (25SEPO1B), Procedure (010925b), Element Menu (uiso)

(Y4
Analyst: M /

Reviewed by: 49310 v, I')/v 2

Ratio Ratio Ratio

1.82E-03 1.27E-04 7.11E-01
1.62E-03 -1.48E-04 7.14E-01
-1.92E-03 8.96E-05 7.27E-01
1.98E-03 2.32E-05 7.18E-01
1.34E-03 -2.01E-04 7.18E-01

1.73E-03 -2.18E-05 7.18E-01
2.31E-04 1.30E-04 5.37E-03
13.33 -595.68 0.75




Client: R.Hallen

‘WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/17/02

Raw
Counts
Run No. 230
1 9452.95
2 8723.95
3 8488.94
4 8436.71
5 8166.99
Spike Factor 233:
Spike Factor 234:
Spike Factor 235:
Spike Factor 236:
Spike Factor 238:

U233
U234
U235
U236
U238

Gy o

Total U

1.000000

atoms

-2.90E+08
-4.28E+08
6.90E+08
8.89E+07
2.02E+11

2.02E+11

2.62E+12

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280
Analysis Date: 9/25/01

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

Abundance

-1.437E-03
-2.118E-03
3.419E-03
4.404E-04
9.997E-01

1.00E+00

Instrument Filenames: Experiment (25SEPO1B), Procedure (010925b), Element Menu (uiso)

Raw Raw Raw Raw
Counts Counts Counts Counts Ratio
235 236 238 226 U233/Th230
4.91 2.30 753.62 2.15 -4.64E-05
3.99 2.23 693.74 3.38 -1.20E-04 :
7.98 2.99 691.28 2.46 -8.93E-05
4.30 2.69 677.15 2.76 -1.95E-04
3.07 2.30 665.48 2.15 -1.03E-04 :
Average Bkg: 258 =======
avg 2.58E+00 -1.11E-04 :
Std Dev 4.60E-01 4.88E-05
%RSD 17.82 -44.01
Atomic Weight 233: 233
Atomic Weight 234: 234.0409 @
Atomic Weight 235: 235.0439
Atomic Weight 236: 236.0000
Atomic Weight 238: 238.0508
SAMPLE NAME 01-01017-BS2, ICP Blank Spike-2
Sample Weight:
NG OF 230 ADDED: 1.00

210

2/
Amlyst:i&‘/‘*“

Reviewed by: :ﬂnfo 1,/ M / [/

Ratio Ratio Ratio Ratio
U234/Th230 U235/Th230 U236/Th230 U238/Th230

1 -L.25E-04 2.94E-04 5.83E-05 7.64E-02
-3.03E-04 7.39E-05 -8.70E-05 7.60E-02
-1.37E-04 6.50E-04 1.04E-04 7.81E-02
-1.46E-04 1.85E-04 3.34E-05 7.68E-02
-1.06E-04 1.16E-04 -  6.08E-05 7.81E-02

-1.63E-04 2.64E-04 3.40E-05 1.71E-02
7.13E-05 2.07E-04 6.47E-05 8.51E-04
-43.65 78.49 190.42 1.10




Client: R.Hallen

WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/17/02

Raw
Counts
Run No. 230

1 9197.66
2 8329.19
3 8041.04
4 7689.92
5 7441.10

Spike Factor 233:
Spike Factor 234:
Spike Factor 235:
Spike Factor 236:
Spike Factor 238:

U233 =
U234 =
U235 =
U236
U238

Total U

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Ratio
233 234 235 236 238 226 U233/Th230
118.54 25.18 2348.77 138.19 301574.75
113.16 24.34 2151.60 140.27 284437.19
112.78 23.26 2106.15 133.20 277300.31
110.09 20.96 2083.73 124.60 269780.59
107.10 19.19 1991.90 130.13 263685.66
Average Bkg: .
avg 1.78E+00 1.32E-02
Std Dev 5.28E-01 5.63E-04
%RSD 29.66 4.28
1.000000 2.62E+12 Atomic Weight 233: 233
Atomic Weight 234 234.0409
Atomic Weight 235: 235.0439
Atomic Weight 236: 236.0000
Atomic Weight 238: 238.0508
|SAMPLE NAME 01-01017, LS-16 ]
Sample Weight:
NG OF 230 ADDED: 1.00
Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance
3.44E+10 3.791E-04
6.41E+409 7.053E-05
6.82E+11 7.505E-03
4.17E+10 4.590E-04
9.01E+13 9.916E-01
9.09E+13 1.00E400

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280
Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1B), Procedure (010925b), Element Menu (uiso)

Ratio

Ratio

e

U234/Th230 U235/Th230 U236/Th230 U238/Th230

Analyst: ‘
Reveiwed by:‘-_-t[nﬁ.) 1)’ V/Ob
Ratio Ratio
3.28E+01
3.42E+01
3.45E+01
3.51E+0l
3.55E+01
1.59E-02 3.44E+01
8.38E-04 9.17E-01
5.26 2.67




Client: R.Hallen

WP/Project: 'W57984 / 42365
ASR/Log-In: 6107, 01-01017

Report Date: 2/17/02

7043.61

Raw
Counts
Run No. 230
1 8358.99
2
3
4 7385.19
5
Spike Factor 233:
Spike Factor 234:

Spike Factor 235:
Spike Factor 236:
Spike Factor 238:

U233 =
U234 =
U235 =
U236
U238

Total U

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance
3.60E+10 3.812E-04
6.56E+09 6.936E-05
7T.13E+11 7.537E-03
4.25E+10 4.499E-04
9.38E+13 9.916E-01
9.46E+13 1.00E+00

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1B), Procedure (010925b), Element Menu (uiso)

Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Ratio
233 234 235 236 238 226 U233/Th230
123.07 23.80 227291 137.43 296827.53 1.84 1.40E-02
111.48 22.80 2126.42 128.52 277752.66 2.15 1.35E-02
114.01 19.65 2051.48 125.83 269691.25 2.15 1.44E-02
105.79 21.04 2025.37 127.68 261775.77 0.92 1.37E-02
98.27 21.19 1985.76 119.00 257150.44 1.84 1.32E-02
Average Bkg: 1.78 =======
avg 1.78E+00 1.38E-02
Std Dev 4.51E-01 4.15E-04
%RSD 25.34 3.02
1.000000  2.62E+12 Atomic Weight 233: 233
Atomic Weight 234: 234.0409
Atomic Weight 235: 235.0439
Atomic Weight 236: 236.0000
Atomic Weight 238: 238.0508
SAMPLE NAME 01-01017, LS-16 replicateJ '
Sample Weight:
NG OF 230 ADDED: © 100

. Mlﬁ sht

Reveiwed by:_4mP? 'v/ 1707
Ratio Ratio Ratio Ratio

U234/Th230 U235/Th230 U236/Th230 U238/Th230
2.52E-03 2.69E-01 1.59E-02 3.55E+401

2.53E-03 2.69E-01 1.59E-02 3.55E+01 .
2.24E-03 2.71E-01 1.62E-02 3.60E+01
2.61E-03 2.72E-01 1.69E-02 3.55E+01
2.63E-03 2.79E-01 1.63E-02 3.65E+01
2.50E-03 2.72E-01 1.62E-02 3.58E+01
1.41E-04 3.74E-03 3.57E-04 4.17E-01
5.64 1.37 2.20 1.16




Client: R.Hallen Battelle, PNNL, AIAL

WP/Project: W57984 / 42365 ICP/MS Analysis Data R
ASR/Log-In: 6107, 01-01017 crl nalysis Data Report

Report Date: 2/17/02

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230
1 .8053.33 129.59 25.95 2461.49 141.96 323379.12 2.46 1.52E-02
2 7508.99 124.60 23.88 2309.77 134.20 304509.56 1.54 1.58E-02 .
3 7201.19 112.70 24.03 2222.24 132.28 293932.47 1.54 1.49E-02
4 6988.62 115.85 21.73 2237.29 131.36 287831.75 -0.31 1.60E-02
5 6826.43 114.16 22.34 2146.38 -+ 121.07 281406.69 1.54 1.59E-02
Average Bkg: .
avg 1.47E+00 1.56E-02
Std Dev 6.84E-01 4.22E-04
%RSD 46.40 2.7
Spike Factor 233: 1.000000  2.62E+12 Atomic Weight 233: . 233
Spike Factor 234: Atomic Weight 234: . 234.0409
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: 238.0508
[SAMPLE NAME 01-01017-Dup, LS-16 DUP ]
Sample Weight:
NG OF 230 ADDED: 1.00

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance
U233 = 4.08E+10 3.783E-04
U234 = 7.60E+09 7.050E-05
U235 = 8.08E+11 7.495E-03
U236 = 4.60E+10 4.269E-04
U238 = 1.07E+14 9.916E-01
Total U 1.08E-+14 1.00E+00

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment (25SEPO1B), Procedure (010925b), Element Menu (uiso)

Ratio
U234/Th230

2.80E-03
2.85E-03
3.00E-03
2.94E-03
2.92E-03

Analyst: / /

Reviewed by P
X1 ¥

Ratio Ratio Ratio
U235/Th230 U236/Th230 U238/Th230

3.03E-01 1.70E-02 4,02E+01
3.05E-01 1.74E-02 4.06E+01
3.06E-01 1.78E-02 4.08E+01
3.17E-01 1.84E-02 4.12E+01
3.12E-01 1.72E-02 4.12E+01

3.08E-01 1.76E-02 4.08E+01
5.31E-03 5.04E-04 3.99E-01
1.72 2.87 0.98

25k,




2/25fL
Client: R Hallen Battelle, PNNL, AIAL sty f{Begr—"

WP/Project: W57984 / 42365 ICP/MS Analysis Data Report
ASR/Log-In: 6107, 01-01017 Y P Reviewed by—hf) > } |7/ b2

Report Date: 2/17/02

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio Ratio Ratio Ratio Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230  U234/Th230 U235/Th230 U236/Th230 U238/Th230
1 7914.79 130.67 27.10 2412.66 145.18 314716.81 0.61 1.59E-02 3.21E-03 3.02E-01 1.79E-02 3.98E+01
2 7322.53 121.69 23.26 2313.45 144.10 295815.94 3.69 1.56E-02 2.56E-03 3.13E-0! 1.88E-02 4.04E+01
3 7064.49 115.47 22.88 2227.46 137.20 288415.41 2,15 1.55E-02 2.81E-03 3.12E-01 1.88E-02 4.09E+01
4 7009.20 114.16 23.26 2181.70 131.82 282939.59 0.92 1.56E-02 3.06E-03 3.08E-01 1.83E-02 4.04E+01
5 6762.23 112.24 20.96 2183.23 132.97 276068.19 2.76 1.56E-02 2.58E-03 3.20E-0! 1.89E-02 4.09E+01
AVC!‘ﬂgCBkg: 203 ======r oo o=—m= =S === =S=Tmommmm mm ===
avg 2.03E+00 1.56E-02 2.84E-03 3.11E-0t 1.86E-02 4.05E+01
Std Dev 1.14E4-00 1.26E-04 2.57E-04 5.79E-03 3.70E-04 3.95E-01
- %RSD 56.37 0.81 9.03 1.86 1.99 0.98
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233
Spike Factor 234: v Atomic Weight 234: 234.0409
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: 238.0508
SAMPLE NAME 01-01017, ICP Matrix Spike-2
Sample Weight:
NG OF 230 ADDED: 1.00

Volume Submitted: s

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance !
U233 = 4.09E+10 3.829E-04
U234 = 7.45E+09 6.970E-05 !
U235 = 8.15E+11 7.624E-03 (
U236 = 4 86E+10 4,549E-04 J
U238 = 1.06E+14 9.915E-01 '
Total U 1.OTE+14 1.00E+00 :

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment 25SEP01B), Procedure (010925b), Element Menu (uiso)




7/? e
Client: R.Hallen Battelle, PNNL, AIAL Analyst: / W

WP/Project: W57984 / 42365 ICP/MS Analysis Data Report
ASR/Log-In: 6107, 01-01017 s P Reviewdd by: W[t

Report Date: 10/2/01

SAMPLE / CHECK ISOTOPIC CALCULATION

Raw Raw Raw Raw Raw Raw Raw
Counts Counts Counts Counts Counts Counts Counts Ratio Ratio Ratio Ratio Ratio
Run No. 230 233 234 235 236 238 226 U233/Th230  U234/Th230 U235/Th230 U236/Th230 U238/Th230
1 3847.89 54.05 10.44 1119.69 62.95 157207.38 1.54 1.32E-02 2.22E-03 2.88E-01 1.57E-02 4.09E+01
2 3536.14 52.59 9.52 1023.26 60.11 147461.03 0.92 1.41E-02 ! 2.33E-03 2.87E-01 1.64E-02 4.17E+01
3 3447.69 49.60 11.36 1030.02 57.50 144433.66 3.07 1.30E-02 ; 2.30E-03 2.96E-01 . 1.55E-02 4.19E+01
4 3413.90 49.90 10.52 1000.23 60.65 141225.23 1.54 1.37E-02 - 2.52E-03 2.90E-01 1.70E-02 4.14E+01
5 3301.80 49.44 9.75 944.34 56.97 138713.38 - 0.61 1.43E-02 2.65E-03 2.83E-01 -1.68E-02 4.20E+01
Averachkg: 1.5 ======x o=—==x==x ==S===== =SS===== S======
avg 1.54E+00 1.37E-02 2.40E-03 2.89E-01 1.63E-02 4.16E+01
Std Dev 8.47E-01 4.89E-04 1.59E-04 4.03E-03 5.88E-04 4.18E-01
%RSD 55.14 3.58 6.60 1.40 3.61 1.00
Spike Factor 233: 1.000000 2.62E+12 Atomic Weight 233: 233
Spike Factor 234: Atomic Weight 234: 234.0409 -
Spike Factor 235: Atomic Weight 235: 235.0439
Spike Factor 236: Atomic Weight 236: 236.0000
Spike Factor 238: Atomic Weight 238: 238.0508
SAMPLE NAME 01-01017, LS-16 post spike
Sample Weight:
NG OF 230 ADDED: 1.00

Volume Submitted:

ISOTOPE DILUTION ANALYSIS CALCULATIONS

atoms Abundance
i

U233 = 3.58E+10 3.258E-04
U234 = 6.30E+09 5.736E-05
U235 = 7.56E+11 6.890E-03
U236 = 4.27E+10 3.886E-04
U238 = 1.09E+14 9.923E-01
Total U 1.10E+14 1.00E+00

Analytical Equipment: ICP/MS VG WB36913, Mettler balance 512-06-01-014

Procedure: PNL-ALO-280

Analysis Date: 9/25/01

Instrument Filenames: Experiment (2SSEP01B), Procedure (010925b), Element Menu (uiso)




Client: R.Hallen

WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017
Report Date: 2/17/02

Raw
Counts
233

Raw
Counts
234

Raw
Counts
Run No. 230
1 6492.53
2 6747.79
3 6757.62
4 6897.70
5 6751.48
Spike Factor 233:
Spike Factor 234:
Spike Factor 235:
Spike Factor 236:
Spike Factor 238:
1233 =
U234 =
U23s =
U236 =
U238 =
Total U

1.000000

atoms

-L.L61E+08
1.85E+10
3.06E+12
2.11E+10
9.78E+13

1.01E+14

Analytical Bquipment: ICP/MS VG WB36913

Balance: Mettler 512-06-01-014

Procedure: PNL-ALO-280
Analysis Date: 9/25/01

2.62E+12

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

SAMPLE / CHECK ISOTOPIC CALCULATION

Volume Submitted:

Raw Raw Raw Raw
Counts Counts Counts Counts
235 236 238 226
8539.62 63.03 270825.16 1.54
7955.03 56.81 254589.72 1.84
7879.77 52.97 248454.56 2.46
7730.47 57.96 242702.47 2.15
7507.45 54.66 237489.66 2.15
Average Bkg: 2.03
avg 2.03E+00
Std Dev 3.13E-01
%RSD 15.45
Atomic Weight 233:
Atomic Weight 234:
Atomic Weight 235:
Atomic Weight 236:
Atomic Weight 238:
{SAMPLE NAME CCv2-U030 |
Sample Weight:
NG OF 230 ADDED: 1.00

e

Analyst:
Reveiwed by: :1121[2 J ')'/ I7/£’7/
Ratio Ratio Ratio Ratio Ratio
U233/Th230 U234/Th230 U235/Th230 U236/Th230 U238/Th230
1.26E-05 7.79E-03 1.30E+00 9.33E-03 4.17E+01
1.31E-05 7.11E-03 1.17E+00 8.03E-03 3.78E+01
-1.95E-04 7.30E-03 1.16E+00 7.37E-03 3.68E+01
2.57E-06 6.85E-03 1.11E4+00 7.97E-03 3.52E+01
-1.40E-04 6.28E-03 1.10E+00 7.67E-03 3.52E+01
-6.14E-05 7.07E-03 1.17E+00 8.07E-03 3.73E+01
8.85E-05 5.01E-04 7.24E-02 6.69E-04 2.41E4-00
-144.15 - 7.09 6.19 8.29 6.44
233 |
234.0409
235.0439
236.0000
238.0508

ISOTOPE DILUTION ANALYSIS CALCULATIONS

Abundance
certified
-1.595E-06
1.834E-04 1.90E-04
3.033E-02 3.05E-02
2.096E-04 2.00E-04
9.693E-01 9.69E-01
1.00E+00

Instrument Filenames: Experiment 25SEPO1B ), Procedure (010925b), Element Menu (uiso)




Client: R.Hallen

WP/Project: 'W57984 / 42365
ASR/Log-In: 6107, 01-01017

Report Date: 2/17/02

Raw
Counts
Run No. 230

1 10051.09
2 9576.75
3 9313.78
4
5

9045.28 -

8892.29

1 7654.29
2 8121.53
3 8145.49
4 8102.79
5 8010.32

TRUE
MEASURES
Alpha

Analytical Equipment: ICP/MS VG WB36913
Balance: Mettler 512-06-01-014

Procedure: PNL-ALO-280
Analysis Date: 9/25/01

1.90E-04
1.97E-04
1.038

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

ICB
Raw Raw Raw Raw
Counts Counts Counts Counts
235 236 238 226
3.07 1.15 34.09
1.23 1.07 34.70
1.54 0.84 23.95 2.15
0.92 1.23 -32.25
0.92 1.38 30.10
std 5.14E-01
Yorsd 33.47

Sample number: U030
Raw Raw Raw Raw
Counts Counts Counts Counts
235 236 238 226
9828.36 65.49 309392.78 2.15
9364.16 66.41 295146.31 1.54
9118.40 62.03 285464.50 1.54
8811.50 61.57 277110.69 1.84
8597.68 56.89 272361.94 3.69
Average Bkg: 2.15E+00
Average Ratios:
Std Dev 8.01E-01
%RSD 37.25
3.05E-02 2.00E-04 9.69E-01
3.08E-02 2.04E-04 9.69E-01
1.009 1.021 1.000

Instrument Filenames: Experiment (25SEPOIB ), Procedure (010925b), Element Menu (uiso)

Isotopic .
Abundance
U233/Th230

-3.06E-05
4.81E-05
-1.07E-04
2.55E-05
-6.04E-05

-2.492E-05
5.64E-05
-226.49

Isotopic
- Ratio

-3.50E-06 *
2.63E-04 °

2$707.
Analyst: é/ A"?'V“Z-—*
Reveiwed by: _ <457Y 2}//7/6&

Isotopic Isotopic
Abundance  Abundance

U234/Th230  U235/Th230 U236/Th230 U238/Th230

-4.321E-05 3.143E-03
5.99E-05 4.22E-04

-138.57 13.43
Isotopic Isotopic
Ratio Ratio

U233/Th230 - U234/Th230 U235/Th230 U236/Th230 U238/Th230

8.32E-03 4.04E+01
8.03E-03 3.63E+01
7.47E-03 3.50E+01
7.42E-03 3.42E+0!
6.69E-03 3.40E+0!

7.59E-03 3.60E+0!
5.63E-04 2.36E+00
7.43 6.55




Battelle, PNNL, AIAL

. ICP/MS Analysis Data Report 2/25702
Client: R.Hallen Analyst: //,6‘-1‘-;'094-\
WP/Project: W57984 / 42365 7
ASR/Log-In: 6107, 01-01017 Reviewed by: 4m/' ) 3402

Report Date: 02/08/02

Unless otherwise specified; the results are reporte uCi analyte/g of original sample.

RPL Log-In # Sample ID ICP/MS ID MDL Tc 99 Rec/RPD
uCilg pCilg = 1SD %
N . L
1%HNO; ic8 < 7.91E-07
1%HNO; . ccB1 < 7.61E-07
1%HNO; cCB2 < 8.69E-07
S
[True Value 3.39E-06 |
ICV. .. . ICV_ . _._ . . 3.71E-06 £ 9.80E-09 110%
ccv ccvi -3.37E-06 + 4.16E-08 99%
ccv ' ' CcCcv2 3.38E-06 + 6.23E-08 100%
01-01017-PB PROCESS BLK Sample 3.95E-03 < 3.956-03 %+ 5.09E-04
01-01017-PB PROCESS BLK post spike Sample3 3.99E-03 8.85E-03 + 1.74E-04
Post Spike Concentration expected 8.82E-03 100%
01-01017-BS2 ICP Blank Spike-2 Sample2 3.91E-03 < 3.91E-03 = 8.44E-05
01-01017 LS-16 Sample4d 1.99E-02 7.37E-02 + 3.38E-04
01-010 LS-16 replicate . Sampleb 2.08E-02 7.24E-02 + 3.96E-04 1.8%
01-01 UpP LS-16-DUP X’\Qn Sample6 2.20E-02 8.68E-02 + 1.40E-03 16.4%
& LI
01-01 LS-N\5/post spike Sample8 2.25€E-02 1.18E-01 + 9.04E-04
Post Spike Concentration expected 4.41E-02 100%
01-01017-MS2 ICP Matrix Spike-2 Sample7 2.11E-02 8.32E-02 + 8.93E-04
R s L M

MTE: ICP/MS VG (WB36913), Mettler 51 2-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 10/1/01

Instrument Filenames: Experiment (010CTO1), Procedure (011 001a), Element Menu (Tc) Page 1 of 1



Client: R.Hallen

WP/Project: W57984 /42365
ASR/Log-in: 6107, 01-01017
Report Date: 2/9/02

Technetium - 99

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

Unless otherwise specified; the results are reported i uCi analyte/g of original sample.

e
Analyst:'y,%/@"'ﬂv“?“—s
Reviewed by: “i':n‘l[%ﬂ 2-49-0%

y = 13681.0248x - 13.3324 Slope 13681.0248
_ 8000 Intercept -13.3324
§ 7000 correl 1.0000
< 6000
g jg;..? . {ppb) Stc:Cls/sec)
o 0.000 0
o 3000 - 0.020 269
§ 2000 0.050 652
S 1000 - 0.200 2715
‘é o] 0.5600 6832
= 0.000 0.100 0.200 0.300 0.400 0.500 0.600
Std conc (ppb)
RPL Log-In# Sample ICP/MS Total Client ICP/MS Avg acps Std Conc, MDL Tc 99
1) D Dil. Dil. Dil. bkg-sub Dev uClig wCiig uCilg = 1sD
1%HNO3 ICB 1 1 1 0 1 1.65E-08 7.91E-07 < 7.91E-07 + 3.26E-07
0.02ppb Tc-99 1ICS1 1 1 1 269 4 3.560E-07 8.44E-07 < 8.44E-07 * 1.19E-08
0.05ppb Tc-99 1CS2 1 1 1 652 13 8.24E-07 8.40E-07 < 8.40E-07 = 1.70E-08
0.2ppb Tc-99 ICS3 1 1 1 2716 25 3.38E-06 8.10E-07 3.38E-06 + 3.16E-08
0.5ppb Tc-99 1CS4 1 1 1 6832 66 8.48E-06 8.14E-07 8.48E-06 + 8.20E-08
0.2ppb Tc-99 ICV 1 1 1 2984 8 3.71E-06 7.59E-07 3.71E-06 + 9.80E-09
0.2ppb Tc-99 CCV1 1 1 1 2706 33 3.37E-06 7.78E-07 3.37E-06 + 4.16E-08
1%HNQO3 CcCB1 1 1 1 3 1 2.04E-08 7.61E-07 < 7.61E-07 + 3.19E-07
01-01017-PB PROCESS BLK Sample1 5204 260.2 20 44 6 3.72E-04 3.95E-03 < 3.96E-03 + 5.,09E-04
01-01017-BS2 ICP Blank Spike-2 Sample2 5204 260.2 20 204 4 1.40E-03 3.91E-03 < 3.91E-03 + 8.44E-06
01-01017-PB PROCESS BLK post spike Sample3 5204 260.2 20 1359 27 8.85E-03 3.99E-03 8.86E-03 + 1.74E-04
01-01017 LS-16 Sampled4 26020 260.2 100 2273 10 7.37€-02 1.98E-02 7.37E-02 + 3.38E-04
01-01017 LS-16 replicate Sampleb 26020 260.2 100 2232 12 7.24E-02 2.08E-02 7.24E-02 + 3.96E-04
01-01017-DUP LS-16-DUP Sampleb 25360 253.6 100 2750 44 8.68E-02 2.20E-02 "8.68E-02 + 1.40E-03
01-01017-MS2 ICP Matrix Spike-2 Sample7 24463 244.6 100 2731 . 29 8.32E-02 2.11E-02 8.32E-02 + 8.93E-04
01-01017 LLS-16 post spike Sample8 26020 260.2 100 3635 28 1.18E-01 2.25E-02 1.18E-01 + 9,04E-04
0.2ppb Tc-99 CCV2 1 1 1 2716 50 3.38E-06 8.65E-07 3.38E-06 + 6.23E-08
1%HNO3 CcCB2 1 1 1 4 1 2.16E-08 8.69E-07 < 8.69E-07 =+ 1.65E-07
MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 10/1/01
Instrument Filenames: Experiment (0 10CT01), Procedure (011001a), Element Menu (Tc) Page 1 of 1

/250




Battelle, PNNL, AIAL

. ) b/,
Client: R.Hallen ICP/MS Ana|y5|s Data Report Analyst: /////M z/ >/L
WP/Project: W57984 / 42365 ‘7

ASR/Log-In: 6107, 01-01017 ) Reviewed by: J:neg 2.5 -2

Report Date: 2/9/02

Unless otherwise specified; the results are reporte uCi analyte/g of original sample.

RPL Log-In # Sample ID ICP/MS 1D MDL Np 237 Rec/RPD
pCilg uCilg + 18D %

1%HNO, ICB : 2.82E-10  6.56E-10

1%HNO; " . CCB1 | 2.78E-10  7.06E-10 * 4.33E-10

1%HNO, CCB2  } 3.09E-10  7.70E-10 = 4.69E-10

{True Value y 3.52E-07 |

ICV ICV 3.48E-07 + 2.38E-09 99%

CCYT o CCvi 3.49E-07 + 2.89E-09 99%

Tcevz T T T T eVt BT T T3 89807 & T 1.94E-09 100%

01-01017-PB PROCESS BLK Sample1 1.43E-06 3.99E-06 * 2.08E-06
01-01017-PB PROCESS BLK post spike Sample3 1.54E-06 3.83E-04 + 7.63E-06
Post Spike Concentration expected 3.67E-04 103%
01-01017-BS2 ICP Blank, Spike-2 Sample2 - 1.44E-06 3.53E-06 + 4.71E-06
01-01017 LS-16 Sample4 5 1.51E-05 2.69E-03 + 4.09E-05
01-01017 LS-16 replicate Sampleb 1.62E-05 2.67E-03 + 1.14E-05 1.0%
01-01017-DUP LS-16-DUP Sample6 3 1.57E-05 2.73E-03 + 2.45E-05 1.4%
01-01017 LS-16 post spike Sample8 3.25E-05 1.03E-02 = 1.21E-04
Post Spike Concentration expected 7.34E-03 104%
01-01017-MS2 ICP Matrix Spike-2 Sample7 & 1.55E-05 2.58E-03 =+ 4.01E-05

MTE: ICP/MS VG (WB36913), Mettler 5612-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/25/01

Instrument Filenames: Experiment (255EP01), Procedure (010925a), Element Menu (UNp) o s of 1
age 1 o
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Client: R.Hallen Analyst: A —
WP/Project: W57984 /42365 V4
ASR/Log-in: 6107, 01-01017 Roviowod by: “bnf2 a-¢wy

Report Date: 2/9/02

Neptunium
Unless otherwise specified; the results are reported in uCi analyte/g of original sample.
y = 11306.8748x - 10.5286 Slope 11306.8748
- Intercept -10.5286
g corrol 1.0000
3
g Std
5 {(ppb} {Cts/sec)
o 0.000 o
}.:‘, 0.050 559
g 0.100 1100
£ 0.500 5651
£ 1.000 11294
0.000 0.200 0.400 0.600 0.800 1.000 1.200
Std conc (ppb)
RPL Log-in Sample IicpmMs Total Client ICP/IMS Avg acps Std Conc. MDL Np 237
Number 1D iD Dil. Dil. Dil. bkg-sub Dev uCllg pCllg uCilg + 18D
1%HNO3 1CB 1 1 1 0 1 6.56E-10 2.82E-10 6.56E-10 + -6.24E-10
0.05ppb Np ICS1 1 1 1 559 6 3.55E-08 2.80E-10 3.55E-08 + 3.93E-10
0.1ppb Np ’ iICS2 1 1 1 1100 12  6.92E-08 2.77E-10 6.92E-08 + 7.25E-10
0.5ppb Np 1CS3 1 1 1 5651 6 3.53E-07 3.00E-10 3.63E-07 + 4.06E-10
1ppb Np ICS4 1 1 1 11294 11 7.05E-07 2.84E-10 7.05E-07 + 6.75E-10
10ppb U 1CS5 1 1 1 1 0 7.07E-10 2.59E-10 7.07E-10 + 1.66E-10
0.5ppb Np ICV 1 1 1 5578 38  3.48E-07 2.83E-10 3.48E-07 + 2.38E-09
0.5ppb Np CcCV1 1 1 1 5588 46  3.49E-07 2.75E-10 3.49E-07 + 2.89E-09
1%HNO3 CCB1 1 1 1 1 0 7.06E-10 2.78E-10 7.06E-10 + 4.33E-10
01-01017-PB PROCESS BLK Samplel 5204 260 20 2 1 3.99E-06 1.43E-06 3.99E-06 + 2.08E-06
01-01017-852 ICP Blank Spike-2 Sample2 5204 260 20 0 O 3.53E-06 1.44E-06 3.53E-06 =+ 4.71E-06
01-01017-PB PROCESS BLK post spike Sample3 5204 260 20 1N 23  3.83E-04 1.54E-06 3.83E-04 + 7.63E-06
01-01017 LS-16 Sample4 52040 260 200 820 12 2.69E-03 1.51E-05 2.69E-03 + 4.09E-05
01-01017 LS-16 replicate Sampleb 52040 260 200 812 3 2.67E-03 1.62E-05 2.67E-03 = 1.14E-05
01-01017-DUP LS-16-DUP Sample6 50720 254 200 854 8 2.73E-03 1.57E-05 2.73E-03 + 2.45E-05
01-01017-MS2 1CP Matrix Spike-2 Sample7 48926 245 200 835 13 2.58E-03 1.55E-05 2.58E-03 + 4.01E-05
01-01017 LS-16 post spike Sample8 104080 260 400 1577 18 1.03E-02 3.25E-05 1.03E-02 + 1.21E-04
0.5ppb Np CCV2 1 1 1 5635 31 3.52E-07 3.12E-10 3.52E-07 + 1.94E-09
1T%HNO3 . CCB2 1 1 1 2 1 7.70E-10 3.09E-10 7.70E-10 + 4.69E-10

MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/25/01

Instrument Filenames: Expariment (25SEPO1), Procedure (010925a), Element Menu (UNp) Page 1 of 1




Battelle, PNNL, AIAL

Client: R.Hallen '
WP/Project: W57984 / 42365

ASR/Log-In: 6107, 01-01014 to 01-01016
Report Date; 2/9/02

ICP/MS Analysis Data Report

Reviewed by:__ 42D )I/érAV

\
1
G
~

Unless otherwise specified; the results are reported in pCi analyte/g of original sample.

Analyst:

//ﬂ./ MZ/Z 7
/4 |

RPL Log-In # Sample ID ’ . ICP/IMS ID MDL Tc 99 Rec/RPD
o uCilg pCilg + 18D %

1%HNO,; ° ICB 2.05E-09

1%HNO, CCB1 2.80E-09

1%HNO; ccB2 2.35E-09

1%HNO, CcCB3 3.48E-09

1%HNO,; cCB4 3.51E-09

[True Value '1.70E-06 |

ICV ICV 1.62E-06 =+ 3.43E-08 95%

CCV1 CCvi 1.62E-06 =+ 4.61E-08 95%

CCv2 CcCcv2 1.66E-06 =+ 4.23E-08 98%

CCv3 CCv3 1.82E-06 + 1.B6E-07 107%

CCv4 CCv4 1.67E-06 =+ 3.74E-08 98%
01-01014-PB PROCESS BLANK Sample14  7.16E-07 3.18E-06 +* 1.69E-07
01-01014-PB PROCESS BLANK post spike  Sample1s  8.46E-07 4,70E-04 + 9.08E-06
Post Spike Concentration expected 4.12E-04 113%
01-01014-BS-2 BLANK SPIKE Sample16  1.66E-06 5.16E-04 =+ 8.12E-06
01-01014 LS-12 . Sample17 1.50E-05 6.29E-02 =+ 2.09E-03
01-01014 LS-12 replicate Sample18 1.52E-05 6.30E-02 =+ 4.24E-04 0.2%
01-01014-Dup LS-12-Dup Sample19 1.B3E-05 6.26E-02 + 1.94E-04 0.3%
01-01015 LS-13 Sample20  1.54E-05 6.03E-02 =+ 9.02E-04
01-01015 LS-13 post spike Sample22 1.56E-05 6.59E-02 + 2.76E-04
Post Spike Concentration 6.97E-03 80%
01-01015-MS-2  LS-13 ICP/MS MS Sample23  1.55E-05 6.10E-02 =+ 7.72E-04
01-01016 LS-14 Sample21 8.95E-06 1.20E-02 =+ 3.08E-04

' -
MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 9/12/01

Instrument Filenames: Experiment (12SEP01), Procedure (010912a), Element Menu (CsTcRb)

Page 1 of 1
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Reviews by:m&_g/{l /0:/

Client: R.Hallen

WP/Project: /WS7984 /42365
ASRAog-In: 6107, 01-01014 to 01-01016
Report Date: 2/9/02

Tc-99
Unless otherwise specified; the results are reported in  Ci analyte/g of original sample.
y = 12669.5597x + 19,1212 Slope 12669.5597
Intercept 19.1212,
correl 0.99%9°
Std
{ppbd) (Cts/nec)
0.000 [
0.050 673
0.100 1348 . - -
0.500 6242
1.000 12737
0.000 0.200 0.400 0.600 0.800 1.000 1.200
Std Conc (ppb)
RPL Log-In # Sample Cllent ICPIMS Yotel Client ICP/MS  Avg scps Sid Cone. MDOL Te 99
10 1D D Dil, Dit. Dil. bkg-sub Dev uCilg w»Cllg pCilg E3 16D
1%HNO3 ICB 1 1 1 0 0 -2.56E-08 2.05E-09 < 2.05E-09 % 2.12E-09
0.05ppb Tc-99 ICS1 1 1 1 673 18 8.75£.07 2.27E-09 B.75E-07 + 2.35E-08
0.1ppb Tec-99 ICS2 1 1 1 1348 12 1.78E-06 2.76E-09 1.78E-06 + 1.58E-08
0.5ppb Tc-99 ICS3 1 1 1 6242 174  8.33E-06 2.63E-09 8.33E-06 + 2.32E-07
1ppb Tc-99 ICs4 1 1 1 12737 177 1.70E-05 2.72€-09 1.70€-05 + 2.36E-07
1%HNO3 w1 1 1 1 231 244  2.84E-07 2.74E-09 2.84E-07 + 2,99E-07
0.1ppb Te-99 ICV 1 1 1 1232 26 1.62E-06 2.82E-09 1.62E-06_+ 3.43E-08
0.1ppb Tc-99 CCV1 1 1 1 1228 35 1.62E-06 2.80E-09 1.62E-06 + 4.61E-08
1%HNO3 w2 1 1 1 9 3 -1.42€-08 2.85€-09 < 2.85E-09 + 1.05E.-09
1%HNO3 CcCB81 1 1 1 3 1 -2,22E-08 .  2.BOE-09 < 2.80E-09 + 1.29E-09
1%HNO3 w3 1 1 1 29 2 1.30E-08 2.27E-09 1.30E-08 + 1.12E-09
0.1ppb Tc-99 CCv2 1 1 1 1259 32 1.66E-06 2.36E-09 1.66E-:06_+ 4.23E-08
1%HNO3 wé 1 1 1 33 19 1.84E-08 2.33E-09 1.84E-08_+ 1.05E-08
1%HNO3 CcCB2 1 1 1 8 3 -1.46E-08 2.35E€-09 < 2.35E-09 & 7.92E-10
01-01014-P8 PROCESS BLANK PROCESS BLANK Sample14 243 24.29 10 29 2 3.19E-06 7.16E-07 3.19E-06 + 1.69E-07
01-01014-P8 PROCESS BLANK post spike PROCESS BLANK Sample15 243 24.29 10 1465 28 4.70€-04 8.46E-07 4.70E-04 + 9.08E-06
01-01014-88-2 BLANK SPIKE BLANK SPIKE Sample16 243 24,29 10 812 14 2.58E-04 8.29E-07 2.58E-04 + 4.56E-06
01-01014 LS-12 LS-12 Sample17 4136 20.68 200 11377 378 6.29E-02 1.50E-05 6.29E-02 + 2.09€.03
01-01014 LS-12 replicate 1S-12 Sample18 4136 20.68 200 11395 77 6.30E-02 1.52E-05 6.30E-02_+ 4.24E-04
01-01014-Dup 15-12-Dup LS-12-Dup Sample19 4158 20.79 200 11280 35 6.26€-02 . 1.53E-05 6.26E-02 + 1.94E-04
1%HNO3 wb 1 1 1 130 132 1.49E-07 | 3.45E-09 1.49E-07 + 1.51£-07
0.1ppb Tc-99 CCV3 1 1 1 1379 119 1.82E-06 3.48E-09 1.82E-06 + 1.56E-07
1%HNO3 wb 1 1 1 34 16 2.01E-08 3.57E-09 2.01E-08 + 9.46E-09
1%HNO3 CCB3 1 1 1 8 1 -1.50E-08 3.48E-09 < 3.48E-09 x 4.13E-10
01-01015 LS-13 LS-13 Sample20 4111 20.55 200 10987 164 6.03E-02 1.54E-05 6.03E-02 + 9.02E-04
01-01016 LS-14 LS-14 Sample21 2429 24.29 100 3713 95 1.20£-02 8.95E-06 1.20E-02 + 3.08E-04
01-01015 LS-13 post spike LS-13 Sample22 4111 20.55 200 11998 50 6.59E-02 1.56E-05 6.59E-02 + 2.76E-04
01-01015-MS-2 LS-13 ICP/IMS MS LS-13 ICP/IMS MS Sample23 4044 20.22 200 11287 143 6.10E-02 1.55E-05 6.10E-02 + 7.72E-04
1%HNO3 wl 1 1 1 132 117 1.51E-07 3.61E-09 1.51E-07 + 1.34E-07
0.1ppb Tc-99 ccv4 1 1 1 1268 28 1.87E-06 3.66E-09 1.87E-06 + 3.74E-08
1%HNO3 w8 1 1 1 26 15 8.66E-09 3.60E-09 8.86E-09 + 5.19€-09
1%HNO3 cCcB4 1 1 1 18 3 -B.99E-10 3.51E-09 < 3.51E-09 x 6.64E-10

MTE: ICP/MS VG (WB368913), Mettler 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 8/12/01

instrument Filenamaes: Expariment [12SEPO1), Procedurs (0109124}, Element Menu [CsTeRb) Page 1 0f 1




Battelle, PNNL, AIAL

i 2/ 2570t
ICP/MS Analysis Data Report Analyst: ///W /

Client: R.Hallen

WP/Project: W57984 /42365 Reviewed by: wymf.) X-6-02-
ASR/Log-in: 6107, 01-01017 .
Report Date: 2/09/02
Unless otherwise specified; the results are reported in uCi analyte/g of original sample. :
RPL Log-In # Sample ID Pu-239 Rec/RPD MDL Pu-240 Rec/RPD
: pCilg  * 18D % pCilg pCilg  + 18D %
Eluent Blank (100mM Oxalic Acid/1 %HNO;) Eluentbik < 4.46E-11 < 4.21E-11
Procedure Blank - Procedurebl 2.08E-08 + 1.41E-08 < 7.64E-11
100mM Oxalic Acid/1 %HNO; CCB1 1.55E-07 + 1.16E-08 5.30E-11 9.13E-09 + 1.52E-08
100mM Oxalic Acid/1 %HNO, ceB2 8.42E-07 + 4.46E-08 5.66E-11 4 64E-08 + 1.97E-08
N [True Value 3.65E-05 2.80E-06 |
ICV ICV 3.68E-05 + 2.64E-07 101% 2.84E-06 + 6.61E-08 102%
CcCcV1 Cccv1 3.59E-05 + 2.32E-07 98% 2.77E-06 + 8.38E-08 99%

[True Value 1.22E-04 9.34E-06]

CCv2 CCv2 1.32E-04 + 4.71E-07 108% 1.03E-05 + 1.09E-07 110%
01-01017-P8 PROCESS BLK Samplet 2.98E-05 * 6.05E-06 1.26E-07 4.10E-05 + 2.60E-05
01-01017-PB PROCESS BLK post spike Sample3 3.86E-02 + 1.04E-03 1.23E-07 2.95E-03 % 4.99E-05
Post Spike Concentration expected 4.84E-02 8(')% 3.64E-03 80%

- 01-01017-BS ICP Blank Spike-2 Sample2 2.69E-05 + 9.84E-06 ‘ 9.17E-08 1.09E-05 + 3.60E-06
01-01017 Ls-16 Sample7 .1.65E-01 + 7.47E-04 : 1.00E-07 5.77e-02 + 2,93E-04
01-01017 LS-16 replicate Sample8 1.64E-01 + 2.06E-03 0.1% 1.14E-07 5.74E-02 + 7.38E-04 0.6%

01-01017-DUP  LS-16-Dup Sample4 1.75E-01 + 9.73E-04 6.2% 1.98E-07 6.05E-02 + 1.22E-03 4.7%
1.93E-07 6.57E-02 * 1.07E-03

4.74E-03 109%

2.29E-01 + 2.12E-03
6.29E-02 86%

01-01017 LS-16-Dup post spike Sample6
Post Spike Concentration expected

1.72E-01 + 1.17E-03 # 1.98E-07 5.92E-02 + 1.23E-03

01-01017-MS ICP Matrix Spike-2 Sample5

MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 9/26/01

instrument Filenames: Experiment (26SEPO 1), Procedure {0109286a), Element Menu (Pu) Page 1 of 1




Client: R.Hallen

Battelle, PNNL, AIAL

{ICP/MS Analysis Data Report

Analyst: %‘*—n_»—_% 2/ 2 %z,

WP/Project: W57984 /42365 Reviewed by: 43D 1 9.02-
ASR/Log-In: 6107, 01-01017
Report Date: 2/9/02
Pu-239
Unless otherwise specified; the results are reported in £Ci analyte/g of original sample. ;
Pu-242 cts/ppm 10637635.3889
14
RPL Log-In Sample ICP/MS Total Client ICP/MS Avg acps Std Conc, MDL Pu-239
Number 1D 1D Dil. Dil. Dil. bkg-sub Dev uCilg uCilg pCilg + 1SD
Eluent Blank (100mM Oxalic Acid/1%HNO3 Eluentblk 1 1 1 0 2 0.00E+00 4.46E-11 < 4.46E-11 + 1.63E-11
Procedure Blank Procedureblk 1 1 1 4 2 2.08E-08 8.11E-11 2.086-08 + 1.41E-08
0.588ppb Pu-239 ICV 1 1 1 6311 45 3.68E-05 8.08E-11 3.68E-05 + 2.64E-07
0.588ppb Pu-239 CCV1 1 1 1 6152 40 3,59E-05 1.29E-10 3.59E-05 + 2.32E-07
100mM Oxalic Acid/1%HNO3 ccB1 1 1 1 27 2 1.55E-07 5.63E-11 1.55E-07 + 1.16E-08
01-01017-PB PROCESS BLK Samplel 1301 260 5 4 .1 2.98E-05 . 1.34E-07 2.98E-05 + 6.05E-06
01-01017-BS ICP Blank Spike-2 Sample2 1301 260 5 4 i1 2.69E-05 9.73E-08 2.69E-05 + 9.84E-06
01-01017-PB PROCESS BLK post spike Sample3 1301 260 5 5089 137 3.86E-02 1.31E-07 3.86E-02 + 1.04E-03
01-01017-DUP __ LS-16-Dup Sample4 1268 254 5 23686 132 1.75E-01 2.10E-07 1.75€6-01 + 9.73E-04
01-01017-MS ICP Matrix Spike-1 SampleS 1223 245 5 24046 164 1.72E-01 2.11E-07 1.72E-01 + 1.17E-03
01-01017 LS-16-Dup post spike Sample6 1268 254 5 30990 287  2.29E-01 2.05E-07 2.29E-01 + 2.12E-03
01-01017 LS-16 Sample?7 1301 260 5 21696 98 1.65E-01 1.06E-07 1.656E-01 + 7.47E-04
01-01017 LS-16 replicate Sample8 1301 260 5 21679 271 1.64E-01 1.21E-07 1.64E-01 + 2.06E-03
1.96ppb Pu-239 CCV2 1 1 1 22658 81 1.32E-04 5.21E-11 1.326-04 + 4.71E-07
100mM Oxalic Acid/1%HNO3 cca2 1 1 1 144 -8  8.42E-07 6.00E-11 8.42E-07 + 4.46E-08
|
|
Y
S
MTE: ICP/MS VG {WB36913), Mettler 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date: 9/26/01
Page 1 of 1

Instrument Filenames: Experiment {26SEPO1), Procedure (010928a), Element Menu (Pu)




Appendix C

Particle Size Distribution



Particle Size Distribution of AN-102 LS15

Hanford Tank 241-AN-102
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Introduction

The particle size distribution of solids sample from Hanford Tank 241-AN-102 labeled as
AN-102 LS15 1s described in this report. A Microtrac X-100 Particle Analyzer and a Microtrac
Ultrafine Particle Analyzer (UPA) were both used to measure the particle size distribution of the
tank samples. The Microtrac X-100 Particle Analyzer measures particle diameter by scattered
light from a laser beam projected through a stream of the sample particles diluted in a suspending
medium. The amount and direction of light scattered by the particles is measured by an optical
detector array and then analyzed to determine the size distribution of the particles. This
measurement is limited to particles with diameters between 0.12 and 700 um. The Microtrac
UPA measures particle diameter by Doppler shifted scattered light. This method is limited to
particles with diameters between 3 nm and 6.5 um.

Operating Conditions

The particle size distribution of the AN-102 LS15 sample was measured in the Microtrac
X-100 at a flow rate of 40 mV/s. The flow rate was then increased to 60 ml/s and the particle size
distribution was measured. The sample was then sonicated with 40W ultrasonic waves for 90 sec
at a flow rate of 60 ml/sec and the particle size distribution was measured. Finally, the sample
was then sonicated a second time with 40W ultrasonic waves for 90 sec at a flow rate of 60
ml/sec and the particle size was measured. Analyses were performed in triplicate on each sample
under all flow/sonication conditions. The average of these triplicate measurements are reported in
this document.

For the UPA instrument, no sonication or flow options are available. Therefore, the
sample is placed in the instrument and the measurements are performed on the as-received,
stationary material. The sample was analyzed in triplicate and the average distribution is reported
in this document.
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Suspending Medium

The suspending medium for these analyses was a surrogate supernatant based on the tank
chemistry of AN-102. A cognizant scientist supplied this suspending medium for use in these
particle size instruments.

Calibration Checks

Both instruments performance were checked against a range of NIST traceable standards
from Duke Scientific Corporation. These standards are polystyrene microspheres dispersed in a 1
mM KCl solution. These standards were run prior to analysis of the sample. Results from these
standard tests are presented in Figures 1 - 4. The percentile data shown in the table represent the
given percent of the volume (or mass if the specific gravity for all particles is the same) that is
smaller than the indicated particle size. The mean diameter of the volume distribution represents
the centroid of the distribution and is weighted in the direction of larger particles. To check the
functionality of the instrument, a close fit of the number basis mean data is typically required.
The number basis mean results were within 10% of the NIST traceable values.
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Number Particle Size Dist. with NIST Traceable Standards

Standards on a Number Basis (top
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Figure 3. UPA Calibration Standards an a Volume Basis (top
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Results

The particle size distributions on a volume basis are presented graphically in Figure 5. In
this figure, the top graph presents the volume percent of particles belonging to a discrete range of
particle size or bin. The bin-centered values of this histogram are displayed on the graph. The
lower graph presents the sum of these data and is referred to as the cumulative volume percent.
These data represent the volume percent of particles smaller than a given particle size. For this
reason, the right-most bin values are used in this graph. The volume distribution data indicate
that most of the slurry volume is due to particles in the 1 to 700 micron particle size range. As
the shear rate in the instrument increased (due to increasing the flow rate from 40 mL/sec to 60
ml/sec) some of the larger particles (i.e. particles greater than 80 micron) appear to break apart,
resulting in a larger volume of smaller diameter particles. When sonication is applied (i.e. 40W
for 90 seconds) at the same flow rate (60 mL/sec), the particles in the 80 to 500 micron size
appeared to break apart further resulting in two large peaks at 0.5-10 microns 20-30 microns. A
second sonication resulted in a slight amount further deagglomeration.

The particle size distributions on a number basis are presented graphically in Figure 6.
Obviously, a large difference in particle size distribution reported between the volume basis and
the number basis distributions exist. These differences can be explained by recognizing that as
particle size increases the volume contribution of a particle increases cubically. This weighs the
volume distribution more heavily towards larger particles (i.e. a few of the larger particles will
greatly effect the volume basis but will have no significant effect on the number basis). Hence,
Figure 6 suggests that a large number of particles at between approximately 0.5-4.0 microns.
There is a small but significant shift to the left of this peak as the particles are sheared. These
small changes in the number of larger particles are greatly amplified on a volume basis (see
Figure 5).

As-received samples were also analyzed in the UPA. The particle size range that is
common to both the X100 and UPA is 0.12 — 6.5 microns. The UPA data is consistent with the
X100 data over this range on both a volume basis (see Figure 7). However, on a number basis a
large number of particles at approximately 400 nm was measured by the UPA (see Figure 8) and
not observed by the X100 (see Figure 6). This might be explained by the greater sensitivity of the
UPA instrument at this particle size.
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Figure 5. X100 Particle Size Distribution of AN-102 LS15 on a Volume Basis (

bottom: cumulative)
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Figure 6. X100 Particle Size Distribution of AN-102 LS15 on a Number Basis (top

bottom: cumulative)
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Client: R.Hallen

WP/Project: W57984 / 42365
ASR/Log-In: 6107, 01-01017

Report Date: 2/9/02

Pu-239

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

Unless otherwise specified; the results are reported in uCi analyte/g of original sample.

Pu-242 cts/ppm

10637635.3889

Analyst: / W 2/ 4 S%’Z_

RPL Log-In Sample ICP/MS Total Client ICP/MS Avg acps Std Conc. MDL Pu-240

Number 1D 1D Dil. Dit. Dil. bkg-sub Dev pCilg uCilg uCllg + 18D
Eluent Blank (100mM Oxalic Acid/1%HNO3 Eluentblk 1 1 1 0 0 0.00E + 00 4.21E-11 4,21E-11 + 4.01E-11
Procedure Blank Procedureblk 1 1 1 o] [o] -5.61E-09 7.64E-11 7.64E-11 + -1,02E-10
0.0123ppb Pu-240 IcV 1 1 1 133 3 2.84E-06 7.61E-11 2.84E-06 + 6.81E-08
0.0123ppb Pu-240 ccw1 1 1 1 130 4 2.77€-06 1.21E-10 2.77E-06 + B8.38E-08
100mM Oxalic Acid/1 %HNO3 CCB1 1 1 1 4] 1 9.13E-09 5.30E-11 9.13E-09 + 1.52E-08

01-01017-PB PROCESS BLK Samplel 1301 260.2 5 1 1 4.10E-05 1.26E-07 4,10E-056 + 2.60E-05

01-01017-BS {CP Blank Spike-2 Sample2 1301 260.2 5 0 0 1.09E-05 9.17E-08 1,09E-05 + 3.60E-06

01-01017-PB PROCESS BLK post spike Sampled 1301 260.2 5 106 2 2.95E-03 1.23E-07 2.95E-03 + 4.99E-05

01-01017-DUP  LS-16-Dup Sampled 1268 253.8 5 2237 45 6.05E-02 1.98E-07 6.05E-02 + 1.22E-03

01-01017-MS ICP Matrix Spike-1 Sample5 1223 244.6 5 2267 47 5.92E-02 1.98E-07 5.92E-02 + 1.23E-03

01-01017 LS-16-Dup post spike Sampleb 1268 253.8 5 2427 40 6.57E-02 1.93E-07 6.57E-02 + 1.07E-03

01-01017 LS-16 Sample7 1301 260.2 5 2079 11 5.77E-02 1.00E-07 5.77E-02 + 2.93E-04

01-01017 LS-16 replicate Sample8 1301 260.2 5 2066 27 5.74E-02 1.14E-07 5.74E-02 + 7.38E-04
0.0411ppb Pu-240 CCV2 1 1 1 483 5 1.03E-05 4.91E-11 1.03E-05 3+ 1.09E-07
100mM Oxalic Acid/1 %HNO3 cCB2 1 1 1 2 1 4.64E-08 5.66E-11 4.64E-08 + 1.97E-08

1
k)

MTE: ICP/MS VG (WB36913), Mettler 512-06-01-014

Procedure: PNL-ALO-280 Rev. 1

Analysis Date: 9/26/01 .

Instrumont Filanames: Experiment (26SEPQ1), Procedure (010926a), Element Menu (Pu) Page 1 of 1




Figure 7. UPA Particle Size Distribution of AN- 102 LS15 on a Volume Basis (top: differential
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bottom: cumulative)
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Figure 8. UPA Particle Size Distribution of AN-102 LS15 on a Number Basis (top: differential

bottom: cumulative)
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